Estimation of soil nitrogen availability under different levels of soil phosphorus by Isobe, Minoru
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1966
Estimation of soil nitrogen availability under
different levels of soil phosphorus
Minoru Isobe
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Isobe, Minoru, "Estimation of soil nitrogen availability under different levels of soil phosphorus " (1966). Retrospective Theses and
Dissertations. 2865.
https://lib.dr.iastate.edu/rtd/2865
This dissertation has been 
microfilmed exactly as received 66-6986 
ISOBE, Minora, 1917-
ESTIMATION OF SOIL NITROGEN AVAILABILITY 
UNDER DIFFERENT LEVELS OF SOIL PHOS­
PHORUS. 
Iowa State University of Science and Technology 
Ph.D., 1966 
Agronomy 
University Microfilms, Inc., Ann Arbor, Michigan 
ESTIMATION OF SOIL NITROGEN AVAILABILITY 
UNDER DIFFERENT LEVELS OF SOIL PHOSPHORUS 
' y 
Minoru Isobe 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of 
The Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Major Subject: Soil Fertility 
Approved: 
Iowa State University 
Of Science and Technology 
Ames, Iowa 
1966 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
REVIEW OF LITERATURE 4 
Laboratory Methods 5 
Soil Behavior Under Waterlogged Conditions 6 
Ammonia production 6 
Production of gases and associated reactions 9 
Factors Influencing Variability in Laboratory 
and Greenhouse Data 12 
Pot size 13 
Pre-treatraent of soil samples 14 
Nutrient additions 17 
Cropping and harvesting 17 
Correlations Between Laboratory and Greenhouse Data 18 
Effect of soil phosphorus 21 
EXPERIMENTAL MATERIALS AND METHODS 23 
Soils 23 
Selection of sites 23 
Designation and description of sites 23 
Sample collection, preparation, and storage 28 
Greenhouse 30 
Pre-growing of the indicator crop 30 
Potting the soil samples 34 
Differential treatments 36 
Laboratory 39 
Soil analyses 39 
Plant analyses 43 
Statistical Procedures 44 
iii 
Page 
RESULTS AND DISCUSSION 46 
Nature of the Data 46 
Characteristics of the Soil Samples Studied 47 
Anaerobic ammonia and soil fertility treatment 47 
Soil pH 51 
Initial nitrates and total nitrogen content 54 
Soil test phosphorus and exchangeable potassium 57 
Clay and sand content 61 
Greenhouse Results 64 
Results of plant analyses 64 
Soil test phosphorus correlation 68 
Results of soil analyses, after cropping 69 
Estimation of Index of Nitrogen Availability 85 
Regression analyses 85 
Correlations of soil and plant data 88 
Multiple regression analyses 103 
Index of nitrogen availability 123 
SUMMARY AND CONCLUSIONS 132 
LITERATURE CITED 138 
ACKNOWLEDGMENTS 144 
APPENDIX 145 
INTRODUCTION 
In the past several decades, numerous methods for deter­
mining the nitrogen supplying capacity of soils have been 
proposed. Some of the early work involved analyses for the 
total nitrogen content of soils on the assumption that this 
was a valid criterion for measuring the nitrogen supplying 
ability of soils. Other methods that were tried over the 
years included the determination of mineral nitrogen, organic 
matter, and various fractions of the organic matter. Some of 
the methods proved to be good indexes of the nitrogen supply­
ing capacity of soils, when applied to a single soil type or 
soils of a similar type. These methods were primarily chemi­
cal determinations and were employed to analyze by chemical 
means the nitrogen and organic constituents of the soil, 
without regard to the biological processes involved in releas­
ing nitrogen from organic sources in the soil. 
In recent years, incubation methods for determining 
nitrogen availability have been used widely. These methods 
are based on microbiological processes involved in mineraliza­
tion of the nitrogen in the soil organic matter. Either the 
activity of the microorganisms or the production of mineral 
nitrogen is employed as an index of availability. The 
activity of the microorganisms is commonly measured by deter­
mining the amount of carbon dioxide released by a test culture 
during an incubation period. The production of mineral 
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nitrogen is determined by measuring the net increase in 
nitrates and/or ammonia during a laboratory incubation period. 
Methods to determine nitrate production during incubation, 
such as the method of Stanford and Hanway (47) , have been used 
extensively. This method involves aerobic mineralization of 
nitrogen and requires good aeration conditions, and an optimum 
moisture content for the soils during the incubation period. 
Generally it is easier to use air-dried soils than moist soils 
to set up the conditions for optimum aerobic mineralization. 
Thus, this method lends itself more readily to testing air-
dried soils than undried soils under routine conditions. 
Because air drying produces changes in nitrogen minerali­
zation rates and a release of potassium by many soils, it is 
often desirable to use undried samples for testing purposes. 
A method introduced by Waring and Bremner (56) in 1964 makes 
the use of undried samples for determining nitrogen availa­
bility much easier. The method is based on the production of 
ammonia by soils under waterlogged conditions. They found 
that the amounts of ammonia produced during incubation under 
waterlogged conditions were very highly correlated with the 
amounts of nitrates formed during an aerobic incubation. The 
method is relatively easy to perform on a routine basis and 
readily adaptable to large scale soil testing operations. 
Ozus and Hanway (41) found a good correlation between the 
results obtained by this laethod and uptake of nitrogen by rye­
grass grown in the greenhouse. They noted that the level of 
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available soil phosphorus appeared to be a factor in the 
correlation. Keeney (33) also found a good correlation between 
ammonia produced during incubation under waterlogged condi­
tions and the uptake of nitrogen by ryegrass. 
This investigation was conducted to obtain as high a 
correlation as possible between ammonia production under 
waterlogged conditions and the uptake of nitrogen by ryegrass 
grown in the greenhouse. To achieve this purpose, several 
soil factors were to be evaluated to determine whether the 
correlation between laboratory and greenhouse data could be 
improved by including measurements of these factors in mul­
tiple regression analyses. The effect of soil phosphorus 
levels on ammonia production was to be given special consid­
eration to determine whether a sub-proportionate amount of 
ammonia is produced during incubation when the soil phosphorus 
level is low. 
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REVIEW OF LITERATURE 
The accuracy of a laboratory test as an index of nitrogen 
availability in soils may be measured by the degree of correla­
tion between the soil test values and the amount of nitrogen 
absorbed by an indicator plant grown on the same soils. 
Ideally, in correlation of plant uptake of nitrogen with 
nitrogen mineralization rates in the soils, the amount of 
nitrogen accumulated by the plants should be derived com­
pletely and solely from mineralization of nitrogen by the 
soils. When this is the case, the amount accumulated by the 
plant gives an independent measure of the amount mineralized 
by the soil. Thus, in order for a laboratory test to be 
highly correlated with valid plant uptake data, it should pro­
vide an accurate index of the amount of soil nitrogen that is 
to become mineralized and available to the plants. 
Since in practice both measurements are made by an 
experimenter and are subject to error, they are indeed two 
independent estimates of the same soil property. Often in 
correlation work, either one or both estimates may be poorly 
performed and as a result no valid conclusion can be drawn 
about the quality of the laboratory method. Thus, one becomes 
concerned with a method of soil testing for nitrogen on"the 
one hand, and the technique for making a valid appraisal of 
that test method on the other. 
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Laboratory Methods 
Numerous methods for obtaining indexes of nitrogen availa­
bility in soils have been reported in the literature. In a 
review, Harmsen and van Schreven (31), discussed various 
methods that have appeared in publications and evaluated the 
merits and weaknesses of these methods. Bremner (10) reported 
in his review a number of publications that have appeared 
recently but were not included in the earlier review mentioned 
above. Both reviews grouped the laboratory methods into two 
general categories, that is, chemical and biological. 
The chemical methods are highly empirical, and are not 
based on any biological process of mineralization of nitrogen. 
Some of the early methods consisted of analyses for total 
nitrogen content, organic matter content, and mineral nitrogen 
content. Later, emphasis fell on the nitrogen fraction that 
could be extracted by various extractants; for example, the 
amount of ammonia released by treatment of the soil sample 
with the various reagents was considered to provide an esti­
mate of nitrogen availability. Some limited success was 
obtained in local areas with the chemical methods but no wide 
application could be made because of differences in soils. 
Investigations of Keeney and Bremner (34) strongly 
suggested that chemical methods are not satisfactory in 
assessing nitrogen availability of soils because of the marked 
differences among soils with regard to the chemical nature of 
the soil nitrogen that is readily mineralized by 
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microorganisms. 
Of the biological methods, Harmsen and van Schreven (31) 
and Bremner (10) consider the incubation technique as the most 
promising approach for estimating nitrogen availability in 
soils. Although varying modifications have been employed in 
incubation techniques for the production of nitrate-nitrogen, 
the essential process is one based on microbiological activity. 
Recently Waring and Bremner (56) introduced a different 
incubation method for assessing nitrogen availability in soils. 
It calls for incubating the soil sample under waterlogged con­
ditions and determining the ammonium produced. Ozus and 
Hanway (41) have reported their results using this method, 
which appears promising and merits further application to many 
other soils. It is the subject of study in this dissertation. 
The older incubation techniques have been discussed ade­
quately in the literature by Harmsen and van Schreven (31), 
Allison (1), and Bremner (10). Since a further review on the 
subject would be repetitious, it appears appropriate at this 
point to review the literature on some of the processes that 
occur in soils placed under waterlogged conditions. 
Soil Behavior Under Waterlogged Conditions 
Ammonia production 
Murray (39) reported in 1916 the results of his investi­
gations on anaerobic processes in three diverse soils, a 
greenhouse loam (rich in organic matter), a field soil from an 
7 
experiment station plot (Hagerstown silt loam), and a clay 
soil (a Hagerstown clay taken from the side of a hill). He 
found that ammonification, denitrification, and nitrogen fixa­
tion took place readily in these soils with or without air. 
In conducting the experiment, anaerobic conditions were main­
tained by placing the soils in a bell jar and removing the 
oxygen in the air chemically by combining pyrogallic acid with 
sodium hydroxide solution. The ammonification study was 
carried out with either casein or blood meal added to the 
soils and the soils were incubated for one week at 30®C. The 
results indicated that ammonia production generally proceeded 
faster in richer soils; it occurred most readily with the 
greenhouse soil and least readily with the clay soil. Casein 
was found to be more easily broken down than blood meal. 
Blood meal was ammonified to a greater extent under both 
aerobic and anaerobic conditions in sterile, inoculated soils 
than in fresh soils. Soils kept under anaerobic conditions 
had a strong, disagreeable odor, showing that other processes 
were going on. 
Experimental results on the anaerobic breakdown of common 
amino acids in soils were reported by Greenwood and Lees (27). 
Common amino acids were added to soil samples and the samples 
were then incubated for 10 days at 23°C using either nitrogen, 
hydrogen, or carbon dioxide as the displacing gas. They found 
that one group of amino acids were resistant to decomposition, 
whereas another group decomposed rather easily. The 
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decomposition was accompanied by the formation of fatty acids. 
The resistant amino acids did not break down any faster 
regardless of whether they were added singly or with other 
amino acids. Addition of glucose or nitrate had only a siaall 
effect on accelerating the breakdown of these resistant acids. 
Amino acid breakdown under all three displacing gases followed 
the same general pattern, except that under hydrogen, a more 
volatile fatty acid was produced. 
In 1929, Subrahmanyan (49,50,51) reported the results 
of his investigations at Rothamsted on the biochemistry of 
waterlogged soils. Using 24 diverse soils that had been air-
dried and passed through a 1 mm sieve, he obtained a pronounced 
increase in the ammonia content of the soils at the end of the 
third day, and a sizable amount of ammonia at the end of the 
tenth day. No correlation was found between ammonia produced 
(which varied for the soils), and the total nitrogen content 
or the amount of ammonia initially present. Nitrite content 
appeared to remain the same but there was a decrease in the 
nitrate content. Total nitrogen content was found to be the 
same after incubation. The hydrogen-ion concentration was 
determined by the method of drop-ratio of Gillespie (26) on 
the filtrate obtained from the waterlogged soils. The pH of 
the filtrates were found to increase during incubation. There 
was a close positive correlation between pH values and the 
logarithms of the corresponding amounts of free ammonia and 
ammonium salts. No increase in carbon dioxide was found. 
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which led the investigator to conclude that the production of 
ammonia under waterlogged conditions was not brought about by 
any of the active ammonifying organisms. The investigator 
found that the enzymes from the mixed flora of the soil can 
bring about deamination changes in waterlogged soils and the 
production of ammonia. Evolution of carbon dioxide would not 
be expected from enzymatic activity. 
Recently Harada (30) reported the results of his incuba­
tion studies on soils placed under waterlogged conditions. He 
pointed out that nitrogen released from the organic source is 
derived from the "readily decomposible organic nitrogen", and 
acceleration of the formation of this fraction may be brought 
about by an increase in temperature, drying, change in soil 
reaction, addition of humus and peptizable salts, etc. 
Yamane and Sato (61) observed that when various organic 
acids normally produced under anaerobic conditions were added 
to soils, the production of ammonia was suppressed. Two 
possible reasons were given for this observation: 1) the 
incorporation of ammonia into the microbial body and 2) the 
depression of the activity of the ammonifiers by the addition 
of organic acids. 
Production of gases and associated reactions 
Of the volatile gases formed by microorganisms, carbon 
dioxide is primarily produced by aerobic bacteria. In con­
trast, anaerobic bacteria produce a number of other gases. 
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Waksitian (55, p. 177) states that hydrogen and methane are pro­
duced as a result of decomposition of carbohydrates, hydrogen 
sulfide as a result of reduction of sulfates, elementary 
nitrogen and oxides of nitrogen as a result of reduction of 
nitrates and various amines. 
Yamane and Sato (60) mixed various organic compounds with 
soils and incubated the treated soils under waterlogged condi­
tions. They observed that the addition of sucrose resulted in 
the liberation of hydrogen within one day, methane was pro­
duced later, and carbon dioxide production occurred readily 
and vigorously. Other carbonaceous materials added to the 
soils produced the same gases in varying degrees; lignin, how­
ever, had little effect on the gas production. The check soil 
was found to produce some carbon dioxide but very little 
methane. The addition of gelatin caused the production of a 
large amount of ammonia which was found in the liquid medium. 
It was further observed that the addition of compounds, which 
serve as an energy source, suppressed the production of 
ammonia. It was believed that this was due to the assimila­
tion of ammonia by the microorganisms. The formation of 
ammonia was associated with an increase in pH values. 
A number of investigators have observed the disappearance 
of nitrates and liberation of nitrogen and nitrous oxide when 
soils containing nitrates were placed under anaerobic or 
waterlogged conditions. The technique used in the laboratory 
involved the addition of nitrate with or without some easily 
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oxidizable organic compound. Generally, the amount of nitrate 
added was much higher than normally found in field soils. 
Bremner and Shaw (13,14) reported that the addition of nitrate 
to soils placed under waterlogged conditions resulted in the 
loss of nitrate as gaseous nitrogen and nitrous oxide when 
glucose was added. In the absence of glucose, only the soils 
high in organic carbon showed any liberation of nitrogen and 
nitrous oxide. An increase in pH values was found associated 
with the disappearance of nitrates. 
Wijler and Delwiche (58), using tracer techniques in 
their denitrification work, obtained results indicating that 
nitrogen and nitrous oxide were derived from the added nitrate. 
Nommick (40) employing in his investigation found that a 
part of the ammonia produced came from the nitrate added, and 
the proportion increased as pH increased to higher values. 
Production of ammonia was enhanced by the presence of easily 
oxidizable organic matter. It was reported that the mechanism 
of ammonia formation was not clear. Hydroxylamine was pro­
posed as a possible intermediate; however, none was found by 
the investigator. The quantity of nitrate-nitrogen added to 
the soil for this study, which was conducted at an oxygen 
tension of 2 mm Hg, amounted to 9.79 mg in 80 to 100 g of 
soil. The denitrification process was found to occur under 
partially aerated conditions. However, the formation of 
nitrogen and nitrous oxide was considerably curtailed when 
even a small amount of oxygen was present. The results of 
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Cady and Bartholomew (15,16), Allison et al. (2), Nommick 
(40), Wijler and Delwiche (58), and others also pointed to 
this conclusion. 
Factors Influencing Variability 
in Laboratory and Greenhouse Data 
Plant uptake data required for correlation with soil test 
values are usually obtained from pot culture studies conducted 
in a greenhouse where environmental conditions for the several 
soils under investigation are similar. In these greenhouse 
studies, most of the variables that can be controlled are held 
nearly constant and only the differences in nitrogen supplying 
capacity of the soils are assumed to determine the differences 
in total nitrogen uptake by the plants. Care in the design 
and conduct of these experiments must be exercised, if one is 
to obtain valid data from greenhouse work. Oftentimes, the 
variability is greater than one suspects. Lawrence (36) dis­
cusses the nature of the environmental variables that are 
usually encountered in a greenhouse and specifies ways in 
which these variables may be eliminated when constructing a 
greenhouse. Alvey (3) points out the possible sources of 
error that may be incurred in a greenhouse experiment when 
utilizing pot culture techniques, and gives a statistical 
treatment of the number of replications needed for a specified 
precision. 
A number of experimental designs for greenhouse work is 
given by Cox and Cochran (19). The designs enable the 
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experimenter to reduce the major sources of variation by 
utilizing his knowledge about the conditions in the greenhouse 
and the nature of the experiment. The value of improved tech­
niques and designs that will make for a reduction in the 
standard error per pot was strongly emphasized. It was 
pointed out that fewer replications will be required for test­
ing differences between treatments when the standard error per 
pot is low. 
Terman (54) conducted a statistical analysis of 141 
experiments comparing rates and sources of phosphorus in 
greenhouse pots in which corn, oats, wheat, red clover, millet, 
ryegrass, and Sudan grass were the test crops. The coeffi­
cient of variability for all crops decreased markedly with an 
increase in mean yield of each experiment; however, the error 
mean square and the standard error per pot increased with the 
mean yield. Thicker stands and mixing the phosphate separ­
ately for each pot were found to decrease the coefficient of 
variability. 
Pot size 
Armiger et al. (4) investigated the effect of pot sizes 
used in greenhouse work on the variability in their experiment. 
They employed nine different pot sizes and used alfalfa as the 
test crop. They found no consistent relationship between size 
of pot and the coefficient of variation obtained with i±ie 
various sizes. The 1-quart, 2- and 3-gallon pots gave 
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coefficients of variability of 14.92, 13.94, and 11.78 percent 
respectively, while the 1-, 5-, and 24-gallon pots produced 
coefficient of variability of 6.97, 8.71, and 8.62 percent 
respectively. 
Armiger and Fried (5), using pot sizes ranging from 
"No. 2" cans to 3-gallon pots, found that the small containers 
produced the largest yields of dry matter when yields were 
determined on a ratio of plant population to weight of soil 
basis. The same results were obtained when phosphorus uptake 
was employed as a criterion for determining the relative 
efficiency of the various sized containers. They concluded 
that the use of small pots not only saved space and economized 
on the use of soils, but actually gave comparable yields and 
uptake of phosphorus per unit weight of soil. 
Pre-treatment of soil samples 
Soils collected for correlation work have either been 
potted or tested immediately, or stored for later use at a 
more convenient time. The soils have been handled either in 
an air-dry state or in the original moist condition. 
A number of studies have shown that air-drying causes an 
increase in the "available" nutrient status of the soil. 
Potasium released by soils upon drying has been found to 
result in a much greater availability of potassium to plants 
than found prior to drying. The same effect has been noted 
for nitrogen availability. 
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Birch (6,7,8) found that storage of air-dried soils 
caused an increase in the amount of nitrogen mineralized when 
these samples were placed under incubation. However, 
Harpstead and Brage (32) noted a decrease in nitrogen minerali­
zation in air-dried soils stored for three weeks, but found 
the rate of nitrate production during incubation increase pro­
gressively following longer periods of storage up to 50 weeks. 
Cooke and Cunningham (18) found three times more nitrate-
nitrogen was produced during incubation with air-dried soils 
after six weeks of storage than with soils before storage. 
They found that the increases in nitrate and total inorganic 
nitrogen on incubating air-dried soils were approximately 
related to the initial levels of nitrate nitrogen present in 
the soil at the time of sampling, and to their percentages of 
total nitrogen. Winsor and Pollard (59) reported that partial 
steam sterilization and air-drying of soils increased the 
amounts of nitrate-nitrogen produced during an incubation for 
28 days at 23.5°C. They also reported evidences indicating 
that the organic matter of intensively cultivated soils is 
more resistant to further microbiological decomposition than 
that of virgin soils. Ozus and Hanway (42) obtained higher 
values of nitrate-nitrogen produced during incubation when 
air-dried samples were used instead of undried samples. They 
found the same to be the case with ammonia production under 
waterlogged conditions for the same soils. 
Sieving and mixing the bulk soil after collection to 
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remove roots, other plant material, stones, and foreign par­
ticles contribute toward improving the precision and accuracy 
of the experiments. Besides removing the unwanted material, 
the process of sieving results in a reduction of the particle 
size to a certain degree of fineness. Reports on the effect 
of sieve size on the outcome of greenhouse results have not 
been found in the literature; possibly a wide range of sizes 
can be used satisfactorily. However, in incubation work. 
Waring and Bremner (57) reported a marked increase in the 
amount of ammonia produced under waterlogged conditions with 
soil samples of finer sieve size. Tabatabai (53) found that 
at high levels of exchangeable potassium in the soils, a 
slightly greater uptake of potassium resulted with the finer 
aggregate sizes. 
Various investigators have used different sieve sizes, 
but no reason was given for the particular size selected in 
each case. Eagle and Mathews (21) passed their soil samples 
through a 2 mm sieve after air-drying. A 3-mesh sieve was 
used by Richard et (44) to screen the air-dry soil for 
their experiments. Cook et (17) ground the air-dry soils 
used in their work and passed them through a 4-mesh size. 
Boswell et al. (9) and Fitts et (23) used a 10-mesh sieve. 
A number of others used a sieve with 1/4-inch openings; 
included are Munson and Stanford (38), who mixed their air-dry 
soil with equal part of sand before potting, Ozus and Hanway 
(41), who like Peterson et al. (43) used undried soils in 
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their pot culture work, and Casser (25), who used undried soil 
samples that were stored under cool temperatures in order to 
reduce mineralization. Synghal et (52) selected a still 
larger size for their work, the size being 1-cm. An equal 
part of sand was mixed with the soils they used. 
Nutrient additions 
Prior to potting, some basal amount of fertilizer is 
usually mixed with the soil in order to insure an adequacy of 
all nutrients other than the one being tested. However, in a 
number of cases, the nutrients were placed in a confined layer 
either above or below the soil mass. Ozus and Hanway (41) 
placed the nutrients through an access tube into a sand layer 
which underlay the soil mass contained in a greenhouse pot. 
Casser (25) made a mix of soil and nutrients and placed this 
on top of the bulk soil. For assessing phosphorus availa­
bility, Stanford and De Ment (46) grew oat seedlings in sand 
culture, and after a time when the root development was suffi­
cient, placed the plants including the sand medium on the test 
soils. 
Cropping and harvesting 
The type of plant used and the number of harvests taken 
from the pot culture varied widely among the investigators. 
Some of the crops grown for either a single or multiple har­
vest were oats (52), millet (38), tobacco (43), ryegrass (41, 
33), wheat (17), and corn (23,44). The harvests included only 
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the above ground portions of the plant which were subsequently 
dried, ground, and analyzed chemically for total nitrogen 
content. 
Correlations Between Laboratory and Greenhouse Data 
In two separate, single harvest experiments, Richard 
et al. (44) used air-dried soils and planted the pots to corn. 
A modified alkaline permanganate laboratory method for esti­
mating nitrogen availability which included nitrate-nitrogen, 
gave the highest correlation with plant uptake of nitrogen in 
both experiments, the correlation coefficients being 0.865 
and 0.820 respectively for the two experiments. This was a 
marked improvement over the alkaline permanganate method with­
out nitrates included, for which the correlation coefficients 
were 0.374 and 0.651. It is interesting to note that nitrogen 
uptake was highly correlated with the nitrate-nitrogen ori­
ginally present in the soils, r = 0.737 and r = 0.769, 
respectively. 
Cook et a^. (17) obtained a correlation coefficient of 
0.874 between nitrogen uptake by wheat in pot culture and 
nitrate-nitrogen produced during incubation. The soil samples 
were collected from the 0 to 6 inch depth from several fields 
which were reported to have less than 5 parts per million of 
nitrate-nitrogen in the soils. Air-dried soils were used in 
the incubation and pot culture work. 
Munson and Stanford (38) , using air-dried soils in the 
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laboratory and the greenhouse, obtained from a single harvest 
experiment a correlation coefficient of 0.905 between the 
nitrogen uptake by millet on the check pots and nitrate-
nitrogen released during incubation for two weeks at 35®C. 
N-values for nitrogen similar to Dean's A-values (20) for 
phosphorus were computed. When these N-values were related to 
the two-week nitrate release values, the resulting correlation 
coefficient was 0.889. Because of the effect of storage, the 
initial nitrate-nitrogen content of the soils was found to be 
considerably higher than that encountered under field condi­
tions. The initial nitrate-nitrogen values correlated with 
N-values, nitrogen uptake, and dry matter yields of the check 
pots. The correlation coefficients were 0.947, 0.942, and 
0.806 respectively. When the initial nitrate values were 
added to the two-week nitrate release values, the correlation 
with plant uptake nitrogen improved to a high value of 0.968. 
Because of the existence of a highly significant interrela­
tionship (r = 0.807) between initial nitrate and the two-week 
release values, the investigators stated that an assessment of 
the independent contributions was difficult to determine. 
Peterson et al. (4 3) grew two successive crops of tobacco 
in pot culture on undried soils collected from 37 representa­
tive fields in the Wisconsin tobacco districts. A number of 
methods for assessing nitrogen availability based on air-dried 
soils were compared by correlating the test values obtained 
with the nitrogen uptake experienced by the two crops. In 
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general, the correlations with and among methods varied widely 
between the first and second crop, and this was attributed to 
the high initial nitrate-nitrogen content in several of the 
soils. The correlation coefficient obtained between initial 
nitrate-nitrogen and plant uptake was found to be 0.97 for the 
first crop, but non-significant (r = 0.05) for the second 
crop. Likewise, the Aspergillus niger method had a correla­
tion of 0.90 and 0.07 on the first and second crop respec­
tively. None of the other methods, nitrate-nitrogen 
production on incubation, total soil nitrogen, alkali-
permanganate nitrogen, percent organic matter, and soil 
nitrogen extracted by various concentrations of hydrochloric 
and sulfuric acids showed any significant correlation with 
plant uptake of nitrogen in the first crop. However, all were 
significantly correlated with nitrogen uptake by the second 
crop. 
In order to overcome the effect of initial nitrates on 
correlations between the laboratory values and the greenhouse 
data, Ozus and Hanway (41) obtained successive cuttings of 
ryegrass and used only the data from the latter harvests for 
determining the correlation between production of ammonia dur­
ing incubation under waterlogged conditions, and plant uptake 
of nitrogen from the check pots. The initial nitrates corre­
lated highly (r = 0.87) with the nitrogen uptake by ryegrass 
and corn grown together in the first harvest, but correlated 
to a lower degree (r = 0.53) with ryegrass alone. Less 
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extensive root development by the ryegrass at that early stage 
of growth was given as the possible explanation. 
In correlation work using greenhouse data, Hanway (29) 
stresses the need for utilizing proper techniques in green­
house work. Further, it is of utmost importance to ascertain 
whether the correlation being performed does in fact measure 
the true relationship between the release of nitrogen and the 
uptake of nitrogen by the plant, and not some spurious corre­
lation contributed by some extraneous source of nitrogen that 
may be temporarily present in the soil. 
Effect of soil phosphorus 
The results obtained by Ozus and Hanway (41) indicated 
that the higher the soil phosphorus level, the greater was the 
laboratory test value for nitrogen for a given amount of 
nitrogen uptake by the plants grown in the greenhouse. This 
relationship was more pronounced with anaerobic ammonia than 
with nitrate production. The investigator explained that with 
the higher rate of mineralization in the laboratory than in 
the greenhouse, a deficiency in soil phosphorus retarded 
nitrogen mineralization possibly to a greater extent in the 
laboratory than in the greenhouse. 
Fitts (22) found higher nitrate production rates during 
incubation under aerobic conditions with soils having higher 
soil phosphorus levels than soils with lower values. When 
incubated with the addition of potassium dihydrogen phosphate, 
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these same soils showed increases in nitrate production rate 
regardless of the initial soil phosphorus levels. Fraps and 
Sterges (24) found that low nitrifying rates of some Texas 
soils could be accelerated by the addition of dicalcium phos­
phate to the soils at the time of incubation. The rate of 
conversion of added ammonium sulfate to nitrates by soil 
samples placed under incubation was used as a measure of the 
nitrifying rate of soils. The addition of calcium carbonate 
with dicalcium phosphate was found more effective in increas­
ing the nitrifying rate of soils than that of dicalcium 
phosphate alone. The soluble phosphorus compounds were found 
more effective in increasing the nitrifying rate of soils than 
the less soluble compounds, which indicated that phosphorus 
availability influenced the nitrifying rate on the soils 
tested. They stated that soils low in active phosphoric acid 
and fair to high in lime and basicity appeared to increase 
their nitrifying capacity upon addition of phosphorus. 
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EXPERIMENTAL MATERIALS AND METHODS 
Soils 
Selection of sites 
Soil samples were obtained from 26 different plots in 
various long-term field experiments on outlying experimental 
farms in Iowa. The ready availability of the field records 
and other miscellaneous information about the field experi­
ments on these farms added to the overall value of these 
locations as sources of the soil samples. Two major consid­
erations influenced the final site selections. First, the 
primary interest of the problem caused attention to be focused 
on sources from which samples with a wide range of mineraliz-
able nitrogen and extractable phosphorus could be easily 
secured. Second, the need for variability in the soil makeup 
called for a selection that included soils from the major soil 
association areas in the state. The sites selected repre­
sented 10 of the principal soil association areas of Iowa. 
Designation and description of sites 
The various experimental farms and information concerning 
the plots sampled for this study are listed in T^ble 1. An 
identification number was given to each soil and this designa­
tion will be used throughout this dissertation. The amounts 
of lime (L), manure (M), nitrogen (N), phosphorus (P), and 
potassium (K) applied on these plots are given under 
"Applications" in the table. Applications of lime were made 
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Table 1. Soil designations, soil types, locations, types of 
experiments, rotations, and treatments from which 
soils were obtained for this investigation 
Soil Soil Expt. Experiment 
No. type County Farm Experiment initiated 
1 Kenyon 1 Buchanan Carr-Clyde MPK 19 49 
2 Kenyon 1 Buchanan Carr-Clyde MPK 1949 
3 Kenyon 1 Buchanan Carr-Clyde Rock-super 1949 
4 Kenyon 1 Buchanan Carr-Clyde Rock-super 1949 
8 Cresco sil Howard Howard Co. MPK 1946 
9 Cresco sil Howard Howard Co. MPK 1946 
10 Galva sil O'Brien Galva 
Primghar 
NP 1957 
11 Galva sil O'Brien Galva 
Primghar 
NP 1957 
12 Galva sil 0'Brien Galva 
Primghar 
NP 1957 
13GP Galva sil O'Brien Galva 
Primghar 
NP 1957 
13M Moody sil Lyon Moody Co. NP 1962 
14 Moody sil Lyon Moody Co. NP 1962 
15 Edina sil Davis So. Iowa MPK 1949 
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Table 1. (continued) 
Applications 
No. Rotation* treatment^ tons%c tons/Sc îbfe ÏE&F Ibfe 
1 COM MPK —  6 — 13 25 
2 COM PK - - - 13 25 
3 COM LjP 2 - - 17.4 
4 COM Li 2 - - — 
8 COM MPK 4 6 - 13 25 
9 COM PK 4 - - 13 25 
10 CCD ^120^42 on 
1st year C 
-
- 120^ 14 
11 CCO N12 0 on 
1st year C 
-
- 120^ — —  
12 CCO Check - - - — 
13GP CCO Pjt2 on 
1st year C 
-
-
- 14 
13M CCO P36 on 
1st year C 
-
—  —  12 
14 CCO N12 0 on 
1st year C 
-
—  120^ — 
15 CSbOM PK - - - 12 23 
^1964 crop is underlined. Letter symbols are defined as: 
C, corn; 0, oats; M, meadow; Sb, soybeans. 
^On soils 27 and 28 the amount of K has been reduced to 
40 Ib/ac. since 1963. 
'On first year corn only. 
No 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
erim 
tiat' 
1949 
1941 
1941 
1949 
1949 
1942 
1942 
1949 
1949 
1954 
1954 
1954 
1954 
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1. (continued) 
Soil 
type County 
Expt. 
Farm Experiment 
Edina sil 
Belinda 
sil 
Belinda 
sil 
Grundy sil 
Grundy sil 
Marshall 
sil 
Marshall 
sil 
Ida sil 
Ida sil 
Webster 
aid 
Webster 
sicl 
Webster 
sil 
Webster 
sil 
Davis 
Monroe 
Monroe 
Ringgold 
Ringgold 
Page 
Page 
Monona 
Monona 
Hancock 
Hancock 
Hancock 
Hancock 
So. Iowa 
Albia 
Pasture 
MPK 
Rotation 
Albia 
Pasture 
Rotation 
Rock-super 
Rock-super 
Soil Consv. Rotation 
Shelby 
Grundy 
Shelby 
Grundy 
Soil Consv. Rotation 
Western 
Iowa 
Western 
Iowa 
Clarion-
Webster 
Clarion-
Webster 
Clarion-
Webster 
Clarion-
Webster 
Rot-fert 
Rot-fert 
Rot-fert 
Rot-fert 
PK 
PK 
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Table 1. (continued) 
Applications 
No. Rotation^ treatment^ tons/ac Sns/Sc Ib^ Ib&E Ibfe 
16 
17 
18 
19 
CSbOM 
dont. C 
Cont. C 
COM 
MPK 
#120 
each year 
N i  2 0  
each year 
Check 
8 - 12 23 
— 120 — — 
— 120 — — 
20 
21 
22 
23 
COM 
COM 
86 
Cont. C N18QP36 
each year 
Cont. C Pg 
each year 
MP 
29 
180 36 
5 4  28 
24 COMM Check 
25 Cont. C P27K33 
each year 
26 Cont. C Check 
27 33 
27 
28 
COM 
COM 
P40K75 
(P40K40) 
K75 
(K40) 
40 75 
(40) 
75 
( 4 0 )  
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at the start of each experiment, while manure was applied once 
per rotation to the old meadow sod either in the fall or 
spring of the following year, depending on the time of plowing 
for corn. The meadow consisted of a mixture of clover, 
alfalfa, and grass (timothy and brome). The amounts of nitro­
gen shown are the rates applied annually unless indicated 
otherwise. Phosphorus and potassium rates are given as the 
average annual rate for the rotation. 
Sample collection, preparation, and storage 
Soil samples were collected in the fall following corn or 
a meadow. At the time of sampling, fall plowing had been com­
pleted on all farms, except for the Moody and Western Iowa 
experimental farms. These farms were scheduled for spring 
plowing. The samples were collected as follows: first, the 
surface layer of dry soil was removed from an area in the 
middle of the experimental plot; second, a slice of soil to a 
depth of about six inches was removed with a spade and placed 
in a double-layer burlap sack; third, additional slices of 
soil were taken in a similar manner across the direction of 
the furrow until about 60 pounds of soil (oven-dry basis) was 
obtained from each plot. The assistance received from the 
experimental farm personnel in locating the plots and securing 
the soils aided immeasurably in facilitating this phase of the 
work. 
All samples were collected during the period from 
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November 9 to 13, 1964. During this period the samples that 
had been secured were stored outdoors in the shade, in the 
original double-layered burlap sacks. When all samples had 
been collected, each bulk soil sample was sieved through a 
screen of 1/4-inch square mesh to remove non-soil material and 
to reduce the size of any clods present to a uniform degree of 
fineness. This particular sieve size was selected because it 
produced sufficient fineness to promote good root penetration 
without appreciably destroying the original soil structure. 
Furthermore, the results obtained by Ozus and Hanway (41) and 
others indicated that this size was satisfactory. 
Following a thorough mixing of the bulk soil sample, a 
10-pound sample was collected in a double-layered polyethylene 
bag, sealed, and stored as before. All soil samples were 
stored in this manner until November 26, 1964, when they were 
taken into the greenhouse for potting. 
Immediately after the greenhouse study was initiated, 
each of the 10-pound soil samples was sieved through a screen 
with 1/8-inch square openings, thoroughly mixed, and divided 
into four sub-samples of equal size. The first sub-sample, 
about 1,000 g, was air dried for mechanical analysis, total 
nitrogen, and organic carbon analyses. A similar sub-sample 
was sealed in a plastic-lined bag and stored at 40°F in a 
refrigerated room for determination of ammonia production 
under waterlogged conditions, nitrate initially present, 
extractable phosphorus, exchangeable potassium, moisture 
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content, and soil pH. The remaining two sub-samples were held 
in reserve, one in the refrigerated room at 40°F and the other 
in a cold storage locker at 5°F. 
Greenhouse 
Pre-growing of the indicator crop 
Common ryegrass (Lolium multiflorum) was selected as the 
indicator crop in this experiment for several reasons; more 
than one harvest may be obtained from this crop; the crop is 
easy to germinate and grow at all times in the greenhouse; the 
response to added nutrients shows up quickly; and it is easy 
to harvest and regrow a new crop. However, the rooting 
characteristics displayed by this plant appeared to be some­
what of a shortcoming for purposes of this study. The root 
development at the very early stages of growth was not as 
rapid as that-fer plants such as corn. 
It was of particular importance in this work to have an 
indicator crop that produced as early as possible, an exten­
sive root system in the test soil. This early root development 
permits a rapid absorption of the troublesome initial nitrates 
and thus reduces the nitrate concentration in the soil to a 
minimal level at the time of the first cutting. The need for 
a rapid root development for ryegrass is indicated in the 
results obtained by Ozus and Hanway (41) who seeded ryegrass 
directly to the test soil. Their data indicated that the 
slower root development by the ryegrass caused less initial 
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nitrate-nitrogen to be removed from the soil than when rye­
grass and corn were grown together. From this it may be 
concluded that direct seeding of ryegrass is not the best 
method for starting the crop, if an extensive early root 
development is desired. 
It appeared that the practical solution to the problem 
was to pre-grow the crop in a thin layer of sand medium and 
later, when the roots were sufficiently well developed, to 
transfer the sand medium with the plants to culture pots con­
taining the test soils. Previous work of this nature 
indicated that the general approach was feasible and no 
difficulty would be encountered, provided care and attention 
required in the sand culture technique were practiced. For 
the present investigation, certain modifications were applied 
to the procedure used in the previous work. The modified 
procedure is described in the following paragraphs. 
A circular paper band placed on the inside of a paper 
plate served as a container for the sand medium in which rye­
grass seeds were germinated and grown in the greenhouse. 
Figure 1 shows the arrangement of these items as used in this 
work. The circular band was formed by stapling the ends of a 
1-1/4-inch wide strip cut from a posterboard and made to the 
same inside diameter as that of the culture pot, which was a 
No. 10 can. An 8-3/4-inch paper plate was trimmed to a dia­
meter of 7-1/2 inches and made waterproof by slipping a 
6 X 3-1/2 X 15-inch polyethylene bag over it. This plate. 
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PAPER BAND 
SAN D -^3 PAPER PLATE 
POLYETHYLENE COVER 
Figure 1. Sand culture installation for pre-growing ryegrass 
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which was set on the greenhouse bench, served to support the 
sand medium and to retain the nutrient solution added to the 
sand. On October 21 and 22, 1964, after 100 g of silica sand 
was placed inside the band and leveled to provide a smooth 
seedbed, ryegrass seeds were distributed uniformly on the 
surface at an approximate rate of 1.60 g per culture, and 
carefully covered with an additional 150 g of sand. Wetting 
of the sand was accomplished by carefully sub-irrigating with 
water. The water used was produced by condensing steam piped 
from the University power plant for heating purposes and 
passing the condensate through a mixed cation-anion resin 
column. After the watering was completed, a cover of wrapping 
paper was placed over the seedbeds to minimize moisture losses 
by evaporation. Additional water was added as required to 
maintain a wet condition during the germination period. The 
cover was removed when the seedlings reached about one-half to 
three-fourths inch in height. In the first watering, just 
enough water was added to insure saturation of the sand, a 
condition detectable by a small amount of free water standing 
on the paper plate. In order to avoid washing the seeds or 
the new seedlings out of the sand, the first few waterings 
were performed by sub-irrigation. After the plants were well 
established, a miniature sprinkling can was employed instead. 
Care was exercised to avoid flooding the culture whenever 
water was applied. 
During the growth period of the ryegrass, a complete 
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nutrient solution was applied by distributing 100 ml of solu­
tion as uniformly as possible over each sand culture. This 
nutrient solution was prepared by mixing from stock solutions, 
10 ml of 1 M Ca(N03)2.4H2O, 20 ml of 0.1 M CaCHgPO^lz.HgO, 
20 ml of 0.5 M K2SO4, 4 ml of 1 M MgSOit.7H20, 2 ml of combined 
micro nutrients containing per liter of solution 5.0 g H3BO3, 
0.35 g CuS0it.5H20, 3.0 g MnCl2.4H20, 0.10 g M0O3, and 0.84 g 
ZnSOit. 7H2O, 2 ml of 1% FeS0it.7H20 (acidified with 2 ml of 
concentrated H2SO4 in 1 liter of 1% FeSOit.7H20 solution) and 
diluting to 1 liter. The complete nutrient solution was 
applied on three occasions—October 28, November 14, and 
November 24, 196 4—for a total application of 84.0 mg of 
nitrogen, 37.2 mg of phosphorus, and 234 mg of potassium plus 
the other nutrients. 
The total amount of nitrogen supplied to the plants was 
slightly on the low side. This was done to increase the 
carbohydrate reserve in the plant and at the same time keep 
the nitrogen status in the low range. These considerations 
were held to be important factors for promoting rapid rooting 
and quick absorption of the initial nitrates upon transplant­
ing to the test soils. Even though a limited amount of 
nitrogen was supplied, the plants exhibited very excellent 
growth during the 40-day period ending with transplantings. 
Potting the soil samples 
The procedure for preparing the pot culture was similar 
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to that described by Ozus and Hanway (41). Before any potting 
work proceeded, the soils were brought into the greenhouse and 
mixed once more to equalize the moisture condition in the 
soils. The inside of each pot (a No. 10 size can) was lined 
with a double layer of polyethylene bags measuring 6 x 3-1/2 
X 15 inches. In each pot, 1,0 00 g of sand plus an additional 
amount where required for a constant tare weight, served as a 
bottom layer. Moist soil equivalent to 1,500 g of oven-dry 
soil was placed over this layer. A 6-1/2 inch length of a 
1/2-inch plastic garden hose passing through the center of the 
soil and extending about 1/2-inch into the sand provided a 
means for adding all the required nutrients to the sand layer 
below the soil. 
The ryegrass was transplanted to the pots containing the 
soils by simply placing the sand culture over the soil. A 
hole cut in the center of the sand medium with a No. 13 labora­
tory cork borer provided an opening for passing the access 
tube. The sand medium was pressed down to establish a good 
contact with the soil, and to produce as near a standard 
height in the pots as was possible without seriously compact­
ing the soil. Transplanting was completed on December 2, 
1964. All pots were watered to bring the soil to a pre­
determined moisture level, which was considered the "maximum 
allowable" water content. The moisture content of the soil 
and sand at this level was about 35 and 14 percent respec­
tively, and was reached by watering to a pot culture weight of 
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4,159 g. In subsequent watering, the pots were brought up to 
the maximum allowable water content once in about every two 
weeks to insure sufficient moisture in the sand in the bottom 
of the pot. On other occasions the moisture content was 
brought to no higher than 30 percent, which corresponded to a 
pot culture weight of 4,084 g and no less than 3,862 g, which 
was estimated to be 20 and 5 percent moisture content in the 
soil and sand respectively. In general, the moisture content 
was held in the upper two-thirds of this range. Daily weigh­
ings of a few representative pot cultures provided a good 
estimate of the water content in the pots and the amount of 
water to apply each time. In practice the use of a reliable 
household scale calibrated in pounds facilitated the routine 
weighing. 
Differential treatments 
The experiment was set up in the greenhouse with three 
replications in a split plot design with the 26 soils as the 
whole plots and four treatments as the subplots. The replica­
tions were installed in three blocks primarily to provide a 
means of conducting certain greenhouse operations, such as 
harvesting, on a block by block basis. The treatments 
included two levels of nitrogen with and without phosphorus 
added to the sand layer below the soil. These treatments were 
applied at the beginning of the second crop and maintained 
until a total of four harvests were obtained. The crop was 
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harvested by clipping off the above ground material at a 
height of about one and one-fourth inches (at the same level 
as the rim of the pot) at the time of heading or later. No 
treatment was applied to the first crop other than the nutri­
ents supplied to the plants in the sand culture prior to 
transferring these cultures to the cans containing the soils. 
The primary objective with the first crop was to obtain a good 
root development and deplete the initial nitrate in the soils 
to a minimal level. At the beginning of the second crop, a 
basal application of potassium, magnesium, sulfur, and six 
micro-elements—boron, chlorine, copper, manganese, molybdenum, 
and zinc—were introduced to the sand bottom in order to 
insure an adequate supply of these elements. These elements 
were supplied in two applications to each pot by introducing 
each time a 10 ml of a nutrient solution that was prepared 
from stock in the following manner: 256 ml of 0.5 M K2SO4, 
82.3 ml of 1 M MgSOit.7H20, and 10 ml of mixed micro-nutrients^ 
in each 1 liter of solution. The two applications supplied a 
total of 200 mg of potassium, 40 mg of magnesium, and 134 mg 
of sulfur, in addition to the micro-nutrients. The amounts of 
nutrients applied for the sand culture, the basal requirement, 
and the nitrogen and phosphorus treatments are given in 
Table 12 of the Appendix. After the first crop, basal 
^Mixed micro-nutrients of the same composition as used 
for the sand culture, but without iron, was employed. 
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applications were continued only on the N and P treatments. 
This was done in order to meet the high nutrient requirements 
of the crops under these two treatments. Iron and calcium 
were not added in the basal applications because the soils 
were considered to be adequately supplied with these elements. 
However, in the application of nitrogen and phosphorus for the 
N, P, and NP treatments, calcium was applied as a carrier. 
The four treatments applied after the first harvest were 
nitrogen and phosphorus (NP), nitrogen (N), phosphorus (P), 
and none (Check). The nutrients for these treatments were 
derived from stock solutions of 1 M Ca^NOg), and 0.1 M 
Ca(H2P0^)2.H2O. The total differential amounts applied on two 
separate dates for the second crop were 200 mg of N and 20 mg 
of P either singly or together on the N, P, and NP treatments 
(see Table 12, Appendix). The same amounts of nitrogen were 
added to the third and the fourth crops of the N and NP treat­
ments. The phosphorus application of the NP treatment was 
decreased to 10 mg of P in the third crop and increased to 40 
in the last crop. These variations in the amount of phos­
phorus supplied in the NP treatment were included to determine 
the nitrogen and phosphorus uptake with reference to soil 
phosphorus. The same amount of phosphorus, 20 mg of P, was 
given to the P treatment on the third crop but none was 
supplied to the fourth crop because the total amount of phos­
phorus that had already been added appeared to be sufficient 
in relation to the amount of phosphorus removed by the 
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previous crops. Since the amount of nutrients taken up by the 
Check and P treatments on the second crop was small and uptake 
by the subsequent crops was anticipated to be small (see 
Table 14, Appendix), no more basal nutrients were added after 
the second crop in these two treatments. 
Laboratory 
Soil analyses 
The several analyses required on the moist samples stored 
at 40®F were performed within a month after the collection of 
the field soils had been completed. 
The method used for determining the amount of ammonia 
produced during incubation under waterlogged conditions was 
essentially that of Waring and Bremner (56), with the excep­
tion of two modifications. A 6.00 g sample of moist soil 
submerged in 12.5 ml of water contained in a tightly capped 
culture tube, 16 x 150 mm, was incubated for one week at 40°C. 
The amount of ammonia present in the soil sample before and 
after incubation was determined by steam distilling the sample 
with 5 ml of 4 N KCl solution and 0.25 g of MgO added in a 
semi-micro Kjeldhal flask and titrating the ammonia distilled 
into a boric acid-indicator solution with a standard acid 
solution. The difference in the amount of ammonia found in the 
soil sample before and after incubation was taken as the 
ammonia produced during incubation under waterlogged conditions. 
The modifications were the use of 6 g of moist soils passed 
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through a sieve of 1/8-inch square mesh, instead of 5 g of 
air-dried soils sieved through a 2 mm mesh, and incubation for 
one week at 40°C, instead of two weeks at 30®C. These modifi­
cations were employed on the basis of several considerations. 
First, it was desirable to test moist soils; second, moist 
soils could be sieved through a screen of 1/8-inch square mesh 
much more readily than 2 mm mesh, and the former could be more 
easily procured in dimensions convenient for screening, an 
advantage favoring the larger sieve openings for routine soil 
testing; third, incubation for one week at 40°C was found in 
some earlier preliminary work to yield a more practical range 
of values than one week at 30®C; fourth, the reduction in 
incubation time from two weeks to one week was obviously an 
important contribution to improving the speed at which the 
analyses could be completed. 
In preparing the soil sample for incubation, special 
attention was given to removing entrapped air in the submerged 
soil by rocking the stoppered test tube back and forth until 
any entrapped air visible was displaced. To reduce the blank 
titration value of water used in incubation, distilled water 
was passed through a mixed cation-anion resin column. Immedi­
ately before use, the water was boiled to remove any dissolved 
oxygen and cooled. 
The amount of nitrate-nitrogen present in the soil was 
determined by shaking 12 g of moist soil with 60 ml of water 
in a 125 ml erlenmeyer flask on a wrist action shaker at 
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moderate speed for five minutes, and filtering through a 11 cm 
S & S No. 402-S paper on which 0.2 g of powdered calcium oxide 
was deposited. Phenoldisulphonic acid and ammonium hydroxide 
solution were added to a dried aliquot of the clear filtrate 
to develop a yellow color. The intensity of the yellow color 
was read on a photoelectric colorimeter with a 450 millimicron 
filter in place. 
Extractable soil phosphorus in the moist sample was 
determined by the Iowa State University soil testing labora­
tory using Bray's No. 1 solution (0.025 N hydrochloric acid 
and 0.03 N ammonium fluoride) with a soil-solution ratio of 
1-10. Ammonium molybdate-hydrochloric acid solution and 
l-amino-2-naphthol-4-sulfonic acid were added to an aliquot of 
the clear filtrate to develop a blue color which was subse­
quently read on a photoelectric colorimeter with a 660 
millimicron filter in place. 
Exchangeable potassium was determined by extracting 5 g 
of moist soil with 25 ml of a neutral 1 N ammonium acetate 
solution and determining the amount of potassium present in a 
diluted aliquot of the filtrate by use of a flame photometer. 
Soil moisture was determined by drying a weighed sample 
of the moist soil in an oven at 105°C for 24 hours, weighing 
and calculating the moisture content on the dry soil basis. 
A glass electrode pH meter was employed to determine soil 
pH values on samples made up to a 1 to 2 soil-water ratio. 
With the exception of the pH values, the results of the 
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soil analyses performed with the above methods were expressed 
in terms of parts per two million (pp2m) based on oven-dry 
soil. 
The three analyses performed on the air-dry soils were 
expressed as percentages based on oven-dry soil. These were 
the mechanical analyses, total nitrogen, and organic carbon 
analyses. 
The pipette method as described by Kilmer and Alexander 
(35) was employed in the mechanical analysis for clay (<2 
micron), silt (>2 micron to <50 micron), and sand (>50 micron) 
with the exception that soluble salts were not removed. The 
procedure consisted of the destruction of organic matter with 
hydrogen peroxide, dispersion of the soil particles with 
sodium metaphosphate, and determination of the clay content by 
pipetting. The silt fraction was obtained by difference after 
the sand fraction was determined by wet sieving through a 300 
mesh screen. 
The total nitrogen content determination was carried out 
by the semi micro-Kjeldahl method, not including nitrates and 
nitrites, as described by Bremner (11). The ammonia contained 
in the acid digest was steam distilled in the apparatus des­
cribed by Bremner and Keeney (12). 
The procedure adapted from Mebius (37) served as the 
method for determining organic carbon. The method essentially 
required the digestion of the soil sample in a dichromate-
sulfuric acid solution under low heat for 30 minutes and back 
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titrating, after cooling, with a standard solution of Mohr's 
salt in the presence of an indicator. 
Plant analyses 
The harvested fresh plant samples were dried in a force-
draft oven at 65®C to a constant weight. After the dry 
weights were obtained, the samples were ground to pass through 
a screen with 1 mm openings in a Thomas-Wiley mill. However, 
when the samples showed less than one gram in dry weight, an 
intermediate size laboratory mill with a 20 mesh screen was 
utilized because a higher recovery of the samples was attained. 
Most of the plant analyses for nitrogen, phosphorus, and 
potassium were performed by the technicians in the Agronomy 
Department of Iowa State University. With the exception of a 
modification in the nitrogen analyses, the method used was the 
same as that described by Hanway (28). Separate aliquots were 
taken for nitrogen, phosphorus, and potassium analyses from a 
diluted acid digest, obtained by heating for 18 to 24 hours a 
one-half gram sample of oven-dried plant material in a flask 
containing concentrated sulfuric acid and a one-fourth inch 
length of number 19 copper wire, and later adding water to a 
required volume. Analysis of nitrogen was performed by a 
method adapted from Bremner and Keeney (12). The method 
included a steam distillation process in which ammonia liber­
ated by addition of sodium hydroxide to an aliquot of the acid 
digest was received in a boric acid-indicator solution and 
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titrated with a standard sulfuric acid solution. A Vanado-
molybdate procedure was used to determine phosphorus 
colorimetrically, using an Evelyn colorimeter with a 420 
millimicron filter in place. The "Eel" flame photometer 
(Evans Electroselenium, Ltd.) was used to analyze for 
potassium. 
Since many of the samples obtained from the P and Check 
treatments of the third and fourth crops were very small, the 
harvested materials of these harvests from the same pots were 
combined, and analyzed as composite samples. The chemical 
analyses on the plant material were reported on a percentage 
value based on the oven dry weight of the sample. All plant 
analyses were performed singly with frequent check analyses 
included for control of precision. 
Statistical Procedures 
The computational services provided by the Iowa State 
University Statistical Laboratory were utilized and the 
various statistical analyses were performed on the IBM 360. 
Only the average values were employed for computational 
work. These included the averages of duplicate analyses on 
soils, and the averages of three replications on all pot cul­
ture data for which the plant results were derived for each 
pot, and the soil results in duplicate for each pot. 
The multiple regression analyses programmed on the com­
puter were applied in this investigation to determine the 
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functional relationship between plant uptake data and the 
several soil analyses that had been obtained. The emphasis 
placed on multiple regression method was based on the assump­
tion that the relationship between ammonia production under 
waterlogged conditions and greenhouse data can be better 
determined when soil variables are included in evaluating this 
relationship. 
From the computations programmed on the computer, the 
following were derived: the partial regression coefficients, 
the standard error of the partial regression coefficient, the 
t-values for the partial regression coefficients, the sum of 
squares due to regression and the corresponding mean squares, 
the sum of squares due to deviation from regression and the 
corresponding mean squares, the multiple regression coeffi­
cients, the squares of these coefficients, and the simple 
correlations between all pairs of variables. 
As a general guide to statistical work, the texts by 
Snedecor (45b), and Steele and Torrie (48) were used. 
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RESULTS AND DISCUSSION 
Nature of the Data 
The average values for the complete soil and plant 
analyses are given in Tables 13, 14, and 15 of the Appendix. 
Table 13 includes anaerobic ammonia^, initial nitrates, soil 
test phosphorus, exchangeable potassium, soil pH, total nit­
rogen content, organic carbon content, clay content, and sand 
content of the soil samples. Ammonia and nitrate values are 
reported as ammonia-nitrogen and nitrate-nitrogen respectively. 
Table 14 includes data on plant analyses for the four crops 
of ryegrass grown in the greenhouse. The number of growing 
days and the dates of start and harvest of each crop for the 
four treatments are given in Table 12. The plant data include 
dry matter, total nitrogen, phosphorus, and potassium in the 
harvested material. The dry matter and the chemical analyses 
respectively are considered relative measures of total growth 
and nutrient uptake by the crop. The milligrams of nitrogen, 
phosphorus, and potassium per pot in the harvested material 
will be referred to as nitrogen, potassium, and phosphorus 
uptake, respectively. The results of the analyses on soil 
samples taken from pot cultures after the last cropping was 
completed are shown in Table 15. They include anaerobic 
ammonia, nitrates, soil test phosphorus, and exchangeable 
^The term anaerobic ammonia used in this dissertation 
refers to the ammonia produced by soil samples during incuba­
tion under waterlogged conditions. 
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potassium. In referring to any of these particular soil 
values, the term "after cropping" will be used to qualify the 
data from the earlier soil analyses. For discussion purposes, 
selected data from these tables will be drawn and presented at 
appropriate places in this dissertation. 
Characteristics of the Soil Samples Studied 
Anaerobic ammonia and soil fertility treatment 
The amounts of anaerobic ammonia produced in the differ­
ent soil samples during incubation in the laboratory are 
compared in Figure 2. The values are grouped by soil type and 
treatment, and arranged in a generally decreasing order from 
left to right. The values range from 25.4 to 99.0 parts per 
two million. Differences in anaerobic ammonia levels of the 
soils are attributed to differences in the extent to which 
certain soil factors and soil constituents contribute to 
nitrogen mineralization in the 26 soils used in this study. 
In this context, a high anaerobic ammonia value for a soil 
sample is regarded as an index of the total contribution made 
by the several soil factors and soil constituents to nitrogen 
mineralization rate. 
Applications of manure in the field increased the levels 
of anaerobic ammonia in the soils. Four of the eight highest 
values are associated with manure treatments, and within a 
soil type anaerobic ammonia was always highest for the sample 
from the manured plot. This increase in anaerobic ammonia due 
Figure 2. Anaerobic ammonia values by soil type and plot treatment for 26 soils 
used in this study 
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to manure application is especially marked for the Edina soil. 
The increase due to manure is not necessarily due to a recent 
application of manure as shown by comparing the results for 
the Cresco and Kenyon soils with those for the Ida soil. The 
first two soils received an application of manure in the fall 
just prior to plowing and collection of the soil samples, 
while the Ida soil received no manure in the year it was 
sampled. 
The fact that certain soils (Ida and Grundy silt loam) 
are high in anaerobic ammonia without benefit of any treatment 
indicates that fertility treatment contributes to only a part 
of the sum total effect produced on nitrogen mineralization by 
the different soil factors and soil constituents. Furthermore, 
the same contributing factors and constituents, if present in 
different soils, may not operate in the same manner or degree. 
For this reason, a given fertility treatment may not neces­
sarily produce the same effect on nitrogen mineralization on 
different soils. Thus, the discrepancy in the effect seem­
ingly produced by nitrogen treatment between Belinda and Moody 
silt loam may be explained on this basis. The same basis for 
giving an explanation may be used for differences in anaerobic 
ammonia obtained for the PK, P, and other treatments. Appli­
cations of phosphorus fertilizer appeared to increase 
anaerobic ammonia in the Grundy, Kenyon (L vs LP), and Galva 
(N vs NP) soils, but had little or no effect on the Galva 
(Check vs P) or Webster soils. 
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Soil pH 
The soil pH values of the different samples are compared 
in Figure 3. They are arranged by soil types to correspond 
with the decreasing order for anaerobic ammonia shown in 
Figure 2. This arrangement will be followed in subsequent 
figures to facilitate comparisons of the soil analyses with 
anaerobic ammonia. A generally inverse relationship between 
anaerobic ammonia and soil pH appears to be present. The 
general trend of the soil pH data shows an overall increase in 
values from left to right, while the anaerobic ammonia values 
indicate a pronounced decrease. The high soil pH of the Ida 
silt loam and, to a lesser degree, the Belinda silt loam, 
detracts from an otherwise strong negative correlation between 
apaerobic ammonia and soil pH. No ready explanation can be 
given for the relationship observed between anaerobic ammonia 
and soil pH on the basis of this data. 
Differences in soil pH within a soil type are apparent, 
but in most instances the magnitude of the difference is small 
and could be attributed to soil variability. High initial 
nitrate may partially account for the lower soil pH value on 
the NP treatment of Marshall silt loam, but the effect of high 
nitrates in lowering soil pH does not appear in the other 
soils having high amounts of nitrates. Therefore, the explana­
tion on the basis of nitrate level alone does not appear fully 
warranted. Apparently, nitrogen application on the Marshall 
soil markedly increased soil acidity. 
Figure 3. Soil pH values by soil type and plot treatment for 26 soils used in this 
study 
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Initial nitrates and total nitrogen content 
The initial nitrate contents of the different soil 
samples are compared in Figure 4A. The initial nitrate con­
tents varied from 4.7 to 80 parts per two million in the 
different samples. Although the data do not indicate the 
existence of a strong correlation between the initial nitrate 
content and anaerobic ammonia, they do show a relationship 
between high nitrate levels and manure applications. The 
presence of high nitrate levels may be attributed to the 
recent applications of manure on the plots visited for soil 
collection. Manure application to the plot on Ida silt loam 
was withheld for spring plowing in the following year, and 
this accounts for the low nitrate content in the sample from 
the manure-treated plot on this soil. 
The association of high nitrate levels in the soil with 
inorganic nitrogen fertilization in the field appears to be 
very erratic. The presence of high nitrates in such cases 
merely reflects an appreciable carry-over of nitrogen from the 
previous applications. This is particularly noticeable on the 
Marshall silt loam. 
The total nitrogen contents of the different samples 
varied from 0.10 to 0.32 percent. There appears to be a gen­
eral inverse relationship between anaerobic ammonia and total 
nitrogen content, as shown in Figure 4E. On the basis of the 
data presented, no ready explanation can be given for this 
inverse relationship. In a later section, in which the 
Figures 4A-4B. Initial NO3-N and total N content by soil type and plot treatment 
for 26 soils used in this study 
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correlation between different pairs of variables are discussed, 
an explanation for the negative correlation will be made. 
Although there are some indications in the data to sug­
gest that nitrogen applications, either with inorganic or 
organic source, resulted in a higher total nitrogen content 
for the soils involved, the evidences supporting this sugges­
tion are far from conclusive. Fertility treatments appear to 
have had little, if any, effect on total nitrogen contents of 
the soils. 
Soil test phosphorus and exchangeable potassium 
The phosphorus soil test values for the different soil 
samples are compared in Figure 5A. The values range from 5.7 
to 10 0 parts per two million. No overall relationship between 
anaerobic ammonia and soil test phosphorus is apparent. How­
ever, there appears to be an association between increases in 
anaerobic ammonia and in soil phosphorus. An increase in 
anaerobic ammonia due to differential field treatments on each 
pair of soils within a soil type is associated with an increase 
in soil phosphorus level. This relationship appears in every 
soil type in which the anaerobic ammonia-nitrogen value for 
one of the pair is greater than 40 parts per two million. 
Where the anaerobic ammonia values were less than this, differ­
ential field treatment generally had very little effect on 
anaerobic ammonia, but phosphorus soil tests were increased by 
application of phosphorus fertilizer in all except one 
Figures 5A-5B. Soil test P and exchangeable K by soil type and plot treatment for 
26 soils used in this study 
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comparison on a Webster soil. The higher phosphorus test for 
the NP treatment on the Marshall soil in comparison to the P 
treatment is undoubtedly due to the higher rate of phosphorus 
application on the NP plot—31 pounds per acre for the NP 
versus 9 pounds per acre for the P treatment. 
A possible explanation may be given for the results 
observed for anaerobic ammonia and soil phosphorus. Phos­
phorus availability in the soil may have little effect upon 
nitrogen mineralization rates where the rates of mineraliza­
tion are low. However, where the potential rate of nitrogen 
mineralization is high, more nitrogen may be mineralized when 
soil phosphorus levels are higher. 
The application of either inorganic or organic sources of 
phosphorus to the soil increased soil phosphorus level for 
each soil type. Applications of manure in addition to appli­
cations of inorganic sources of phosphorus markedly increased 
the soil phosphorus levels of the Edina, Cresco, and Kenyon 
soils. 
Exchangeable potassium varied from 89 to 36 8 parts per 
two million in the different soil samples as shown in Figure 
5B. These differences were largely associated with differ­
ences in soil types. There was no consistent relationship 
between exchangeable potassium and anaerobic ammonia. Differ­
ential treatments in the field generally had little effect 
upon exchangeable potassium. Applications of manure resulted 
in a large increase in exchangeable potassium in the Edina 
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soil, and to a lesser extent in the Cresco and Kenyon soils. 
A reduction in exchangeable potassium appeared to occur in the 
Grundy and Kenyon (LP vs L) soils due to applications of 
phosphorus. 
Clay and sand content 
The clay and sand contents of the soil samples used in 
this study are compared in Figures 6A-6B, In general, the 
clay contents increased as the anaerobic ammonia values 
decreased. This negative correlation appears to be similar to 
that between total nitrogen content and anaerobic ammonia. 
The reason for the negative correlation between clay con­
tent and anaerobic ammonia may be due to a binding of the 
easily mineralizable nitrogen fraction of the organic matter 
by clay particles. Harmsen and van Schreven (31, p. 352) 
reported that investigators have found a binding of this type 
to occur. The resulting clay-organic matter complex was found 
resistant to nitrogen mineralization. 
As expected, fertility treatment in the field had no 
effect on the clay contents of the different soils, nor did 
differential treatments of manure, nitrogen, or phosphorus. 
No definite relationship is apparent between sand content 
and anaerobic ammonia. Appreciable amounts of sand were found 
only in the Cresco, Kenyon, and Webster soils. These soils 
are derived from glacial till, whereas all the other soils are 
derived from loess. Sand being an inert material, is not 
Figures 6A-6B. Clay and sand contents by soil type and plot treatment for 26 soils 
used in this study 
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expected to be directly correlated with anaerobic ammonia. 
Greenhouse Results 
Results of plant analyses 
Ryegrass was seeded in the sand culture on October 21, 
19 64, transferred to the soils in the cans 40 days later, and 
grown for an additional 17 days for a total of 57 days before 
the first harvest, with no differential treatment applied. 
The average effects of differential nitrogen and phosphorus 
added to the sand layer below the soils after the first har­
vest on dry matter accumulation and on nitrogen, phosphorus, 
and potassium uptake in subsequent harvests are shown in 
Figure 7. 
Additions of nitrogen alone and with phosphorus after the 
first harvest resulted in large increases in dry matter accu­
mulation and nitrogen, phosphorus, and potassium uptake. The 
average dry matter accumulation and uptake of each of the 
nutrients from the 26 soils were slightly greater for the NP 
treatment than for the N treatment. This difference is 
attributed to a limited phosphorus supply in some of the soils. 
This difference was especially apparent in dry matter yields 
and phosphorus uptake after the second harvest. 
The curves for the Check and P treatments indicate a slow 
rate of dry matter and nutrient accumulation by the ryegrass 
under these two treatments. The large difference between the 
curves for these treatments and those for the N and NP 
Figure 7. Dry matter and nutrient accumulation by four successive crops of ryegrass 
grown under four treatments 
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treatments indicates that the nitrogen supply for the grass 
was extremely limited, where no nitrogen was added. This 
deficiency of nitrogen was so pronounced that the only 
response by the crop to the added phosphorus was in a slightly 
greater uptake of phosphorus found in the P treatment than in 
the Check. Otherwise, the curves for the Check and P treat­
ments are similar. 
Other than the nitrogen which was added to all sand cul­
tures for pre-growing the ryegrass and the nitrate-nitrogen 
initially present in the soil samples, only the nitrogen 
mineralized during the cropping period served as the nitrogen 
source to the plants in the Check and P treatments. Appar­
ently the rate of nitrogen mineralization limited crop growth 
much more than did the availability of soil phosphorus. Con­
sequently, the P treatment did not result in greater growth 
or uptake of nitrogen and potassium than did the Check 
treatment. 
An analysis of variance of the data on nitrogen uptake by 
ryegrass under the Check and P treatments is given in Table 2. 
The effects of blocks and soils were found highly significant 
but treatment and the soil x treatment interaction was found 
non-significant. The result of the analysis of variance indi­
cates that the P treatment in comparison to the Check had 
little or no effect on the amount of nitrogen taken up by the 
ryegrass. 
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Table 2. Statistical analysis of N uptake by ryegrass grown 
on 26 soils and under Check and P treatments 
Analysis of variance - split plot experiment 
Degrees of Sum of Mean 
Source freedom squares squares 
Whole plot 
Blocks 
Soils 
Whole plot error 
2 
25 
50 
204.24 
10,069 .92 
306.27 
102.12** 
402.80** 
6.12 
Subplots 
Treatment 1 7.45 7.45^ 
S X T 25 148.34 5.93^ 
Subplot error 52 346.14 6.66 
**Significance at the 1% level, 
^o significance. 
Soil test phosphorus correlation 
Soil phosphorus analyses on the soils used in this study 
were determined by the procedure described in an earlier sec­
tion of this dissertation. Because of the interest in soil 
test phosphorus on the correlation between anaerobic ammonia 
produced during incubation and nitrogen uptake by ryegrass 
grown in the greenhouse, it was necessary to validate with 
greenhouse data the laboratory test for estimating soil phos­
phorus availability. 
Regression analyses were employed to correlate the total 
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phosphorus uptake by the combined crop of ryegrass (four 
crops) with soil test phosphorus. Data derived from the N 
treatment were used for this purpose. Figure 8 shows the 
relationship between phosphorus uptake and soil test phos­
phorus. The relationship is described by the equation Y = 
19.64 + 0.782X - 0.00209x2, where Y is phosphorus uptake in 
milligrams per pot, and X is soil test phosphorus in parts 
per two million of P. A high correlation was obtained as 
indicated by a value of 0.961. 
A surprisingly high correlation between phosphorus uptake 
and soil test phosphorus was obtained with data derived from 
the NP treatment, as indicated in Figure 9. A linear relation­
ship is indicated and is described by the equation, Y = 40.63 
+ 0.457X. The value of 0.910 was obtained. The high 
correlation existing between phosphorus uptake and soil test 
phosphorus, in spite of the addition of phosphorus to the 
pots, indicates that the uptake of phosphorus in the NP treat­
ment was conditioned by the level of soil test phosphorus. 
Results of soil analyses, after cropping 
After completion of the greenhouse cropping, the entire 
soil layer was removed from each can and the middle one-third 
section of the soil was collected for chemical analyses. Two 
replicates of each of the Check and P treatments were sampled 
and combined into a single composite sample. Only one repli­
cate was available for sampling from each of the N and NP 
Figure 8. Relationship between P uptake by the combined crops 
of the N treatment and soil test phosphorus 
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treatments. This was due to initiation of an additional crop 
on the original N and NP treatments. Only one replicate of 
each of the N and NP treatments was continued. The amount of 
nutrient supplied for the additional crop grown under the two 
treatments is given in Table 12, Appendix. The results of 
these soil analyses after cropping are compared with the 
results before cropping for the 26 soils used in this study in 
Figure 10 for the Check and P treatments, and in Figure 11 for 
the N and NP treatments. 
The soil analyses for anaerobic ammonia, nitrates, and 
soil test phosphorus of the Check and P treatments are 
decidedly lower for the soils after cropping with ryegrass 
than before cropping as indicated by the distribution of 
points below the 1:1 line. In the analyses of the soil 
samples from the N and NP treatments, only the soil phosphorus 
analyses show lower values in this regard. 
Anaerobic ammonia was decreased in all soils as a result 
of cropping with the Check and P treatments. Cropping caused 
a greater decrease in anaerobic ammonia levels on soils with 
higher original anaerobic ammonia values than on soils with 
low original values. It appears that soils with low anaerobic 
ammonia are more resistant to change in their mineralization 
rates. There is an indication that the decrease due to crop­
ping in soils with high original anaerobic ammonia values was 
slightly greater for the P treatment than for the Check treat­
ment. In several of the soils with the N and NP treatments. 
I 
f 
Figure 10. Comparisons between soil analyses before and after cropping with 
ryegrass on 26 soils under CK and P treatments 
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figure 11. Comparisons between soil analyses before and after cropping with 
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there was little or no change in anaerobic ammonia due to 
cropping, and in almost all soils, the decrease due to 
cropping was less for the N and NP treatments than for the 
Check and P treatments. However, in the soils with high 
original levels, anaerobic ammonia was consistently decreased 
due to cropping. Possibly, the addition of nitrogen to the 
sand layer below the soil in the N and NP treatments aided 
in the conservation of easily mineralizable nitrogen by 
altering the immobilization and mineralization processes in 
the soil. 
A surprisingly consistent decrease in soil phosphorus 
occurred throughout the range of soil phosphorus levels as a 
result of cropping on the Check and P treatments. At a given 
level of soil phosphorus, plants supplied with phosphorus 
lowered the phosphorus values of the soils to the same extent 
as plants not supplied with this element. The fact that the 
decreases in soil phosphorus due to cropping were the same at 
higher levels as at lower levels, and the fact that no differ­
ence in the soil phosphorus levels between the Check and P 
treatments resulted during cropping, suggest that phosphorus 
was not required at a rapid rate by the crops grown under 
these two treatments. The low phosphorus requirement is 
attributed to lack of adequate nitrogen supply to the plants. 
The lack of nitrogen is reflected by the small amount of 
nitrogen uptake and the low amount of dry matter produced (see 
Figure 7). Apparently nitrogen mineralization rates were more 
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limiting to plant growth than the phosphorus supply. This 
same conclusion was suggested when the nitrogen uptake data 
for the Check and P treatments were evaluated. 
Except for soils with very low original soil test phos­
phorus levels, a greater decrease in soil phosphorus occurred 
as a result of cropping on the N and NP treatments than on the 
Check and P treatments. The application of nitrogen in the N 
and NP treatments evidently placed a heavy stress on the soil 
for available phosphorus, even though the amount of phosphorus 
added to the sand layer with the NP treatment was approxi­
mately twice the amount removed in the harvested plant mate­
rial. Response to nitrogen application by the crop is 
manifested by the large amount of dry matter produced and 
nutrient absorbed in the N and NP treatments (see Figure 7). 
Application of phosphorus with nitrogen apparently relieved 
the drain on soil phosphorus to some extent at high soil phos­
phorus levels, as indicated by the higher soil phosphorus 
values in the NP treatment, as compared to the N treatment. 
However, the same application of nitrogen and phosphorus to 
soils low in soil phosphorus status did not have any different 
effect on soil phosphorus levels in these soils than did 
nitrogen applied alone. 
The resultant level of soil phosphorus reached at the end 
of cropping depended largely on the conditions induced by 
treatments. These conditions were the crop's requirement for 
phosphorus, the relative ease with which soil phosphorus was 
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available to the plants, and the amount of available phos­
phorus present in the sand layer. 
As may be expected, there was a large decrease in nitrate-
nitrogen content of the soils as a result of cropping. The 
after-cropping values are all less than eight parts per two 
million for the Check, P, and NP treatments. This suggests 
that the nitrates released by the soils or added to the pots 
were absorbed equally well by the plants grown under these 
treatments. However, this was not the case with the N treat­
ment. Much greater amounts of nitrates were present in some 
of these soils after cropping than before cropping. These 
high nitrate levels were associated with soils of low phos­
phorus analyses. The relationship between nitrate-nitrogen 
after cropping, and soil phosphorus after cropping, is given 
in Figure 12. The inability of soils in the low soil phos­
phorus range to supply phosphorus at a rapid enough rate to 
meet the requirements of crops supplied with adequate nitrogen 
caused growth restriction and limited nutrient absorption. 
Some of the resultant surplus nitrogen in the sand layer was 
apparently transported to the soil layer in some manner. 
Two possible means of transport may be suggested for the 
movement of nitrates from the sand layer to the soil layer— 
diffusion of nitrates from the more concentrated solution in 
the sand layer to the less concentrated soil solution, or 
absorption of nitrates by the roots from the sand layer and 
redeposition in the soil. The movement by diffusion 
4 
Figure 12. Relationship between NO3-N and soil test P in 
soils after cropping with ryegrass under N 
treatment 
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presupposes an adequate water film continuity in the soil mass 
during the period of diffusion. 
The amounts of exchangeable potassium in the soils from 
the Check and P treatments were almost always higher after 
cropping than before cropping. No clear distinction can be 
made between the Check and P treatment for the increase in 
soil potassium in the soils sampled after cropping. Obviously, 
the sand layer, which was supplied with only 200 mg of potas­
sium at the start of the Check and P treatments contained more 
than enough potassium for the limited growth experienced by 
the crops under these two treatments. Consequently, excess 
potassium appeared in the soil layer as a result of movement 
of potassium from the sand layer below the soil layer. The 
same two methods of transport appear to be possible for potas­
sium as that discussed for the nitrate movement into the soil 
layer. It is possible for some small amount of potassium (not 
completely absorbed from the sand medium prior to placement on 
the soil layer) to be leached from the upper sand layer into 
the soil. 
High amounts of potassium (734 mg per pot) were added to 
each of the N and NP treatments, but the average total uptake 
of potassium in the harvested plant material were 730 and 805 
mg per pot respectively for these treatments. Many of the 
soils contained less exchangeable potassium at the end of 
cropping than at the start. Soils with low amounts of 
exchangeable potassium showed a relatively small change 
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(increase or decrease) due to cropping, as compared to soils 
with high exchangeable potassium. Increases in exchangeable 
potassium during cropping occurred only in soils with low soil 
test phosphorus. Figure 13 gives a plot of soil potassium 
values for soils sampled at the end of cropping, against soil 
phosphorus for the corresponding soils. Increases in exchange­
able potassium due to cropping and treatment occurred in all 
soils at soil phosphorus levels of 12 parts per two million or 
less. At higher levels of soil phosphorus, all soils 
decreased in exchangeable potassium. No distinction could be 
found between the N and NP treatment in effecting an increase 
or decrease in soil potassium. 
The high absorption of potassium by the crop is attri­
buted to nitrogen application and the presence of high soil 
phosphorus. Reduced potassium absorption occurred with soils 
low in soil test phosphorus; however, low soil test phosphorus 
did not necessarily cause an increase in exchangeable potas­
sium in the soil. 
Estimation of Index of Nitrogen Availability 
Regression analyses 
Regression analyses were employed to determine whether 
the uptake of nitrogen by the crop is better explained when 
information concerning other soil variables is included with 
the anaerobic ammonia data in establishing a relationship 
between nitrogen uptake and anaerobic ammonia. Since no 
I 
Figure 13. Relationship between exchangeable K and soil test 
P in soils after cropping under four treatments 
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difference in nitrogen uptake was found between the Check and 
P treatments, the nitrogen uptake data for the two treatments 
were considered as originating from a single source, and both 
sets of data were included for regression analyses. The 
average nitrogen uptake data of three replicates for the 
several crops and the average soil analyses of the 2 6 soils 
were used as variables in developing a number of simple corre­
lations and multiple regression equations. The notations and 
definitions of the variables are listed in Table 3. Except 
for variable U , the definitions of the different variables 
a. 
are self-explanatory and require no further elaboration. 
The variable U^, adjusted N uptake, represents the total 
nitrogen uptake by the four crops after adjustment for 
eliminating the effect of nitrates initially present in the 
soil samples. To obtain a close approximation of this value, 
the milligrams of initial nitrate-nitrogen found by chemical 
analyses were deducted from the combined nitrogen uptake 
values for each soil. It was assumed that the amount of 
nitrogen found as nitrates in the original soil sample would 
be completely recovered by the four crops grown in succession. 
Correlations of soil and plant data 
Correlation coefficients determined between all pairs of 
variables used in this investigation are given in Table 4. 
Because of the large number of cases present, only the more 
outstanding correlations are discussed. The r-values of 0.273 
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Table 3. Notations and the definitions for the variables used 
in this study 
Notation Definition 
Uj N uptake, mg N per pot. Check and P treatment, first 
crop 
U2 N uptake, mg N per pot. Check and P treatment, 
second crop 
U3 N uptake, mg N per pot. Check and P treatment, third 
and fourth crop 
U4 N uptake, mg N per pot. Check and P treatment, 
second, third, and fourth crop 
U. N uptake, mg N per pot. Check and P treatment, total 
of all crops 
Adjusted N uptake, mg N per pot. Check and P treat­
ment, total of all crops 
LI Anaerobic ammonia, N in parts per two million (pp2m) 
N Anaerobic ammonia after cropping, N in parts per two 
c 
million (pp2m) 
N. Initial soil nitrates, N in parts per two million 
^ (pp2m) 
P Soil test phosphorus, P in parts per two million 
(pp2m) 
pH Soil pH 
CI Clay content in percent 
Sd Sand content in percent 
Total M content in percent 
C Organic carbon content in percent 
N X N. Cross-product term as indicated 
a 1 
Ng X P Cross-product term as indicated 
X CI Cross-product term as indicated 
X Sd Cross-product term as indicated 
X P Cross-product term as indicated 
Table 4. Correlation coefficients (r) between variables studied 
Ul U2 U3 U4 
"t "a %a "c %i P 
Ui 1.000 .681 .486 .653 .941 .364 .238 .212 .927 .547 
U2 1.00 .530 .841 .818 .617 .647 .612 .596 .425 
U3 1.000 .904 .720 .795 .727 .583 .354 .204 
1.000 .871 .817 .789 .680 .526 .344 
"t 1.000 .602 .508 .441 .837 .508 
Ua 1.000 .875 .646 .067 .092 
Na 1.000 .787 .032 .144 
Ne 1.000 .104 .015 
Ni 1.000 .573 
p 1.000 
PH 
Cl 
Sd 
C 
Na X Ni 
Na X P 
Na X Cl 
Na X Sd 
Ni X P 
Table 4. (continued) 
pH CI Sd C N X N.  
a 1 N X P a N X CI N X Sd N^ X P 
U1 -.324 -.026 .058 .154 .128 .926 .611 .370 .229 .802 
U 2  -.042 P.523 -.124 -.440 -.448 .691 .559 .390 .162 .623 
U 3  -.334 -.514 -.023 -.207 -.198 .642 .574 .604 .286 .288 
U4 -.234 -.591 -.077 -.353 -.352 .757 .647 .581 .264 .497 
Ut -.315 -.282 .004 -.057 -.073 .940 .686 .500 .267 .742 
Ua -.019 -.697 -.023 -.389 -.353 .450 .516 .568 .253 .071 
Na -.040 -.713 -.272 -.604 -.581 .415 .549 .696 .096 .106 
No .046 -.654 -.134 -.507 -.510 .338 .298 .444 .258 .110 
Ni -.384 .130 .016 .196 .152 .866 .505 .237 .154 .878 
P 
-.532 -.036 .090 -.046 -.044 .568 .821 .259 .180 .822 
pH 1.000 -.236 .259 -.125 -.114 -.311 -.401 -.372 .134 -.439 
CI 1.000 -.154 .700 .674 -.116 -.242 -.034 -.419 .019 
Sd 1.000 .473 .502 -.020 -.040 -.429 .867 -.025 
Nt 1.000 .994 .042 -.166 -.094 .245 -.019 
C 1.000 .019 -.153 -.092 .259 -.049 
Na X Ni 1.000 .758 .556 .215 .766 
Na X P 1.000 .623 .155 .683 
Na X CI 1.000 -.162 .220 
Na X Sd 1.000 .100 
Nj_ X P 1.000 
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and 0.354 were considered significant at the 5 percent and 1 
percent level respectively, according to the tabular values 
given by Snedecor (45b, p. 174). 
Nitrogen uptake by the first crop (0%) is highly corre­
lated with the initial soil nitrate (ML); however, successive 
crops show a decline in the r-value, indicating a decreasing 
but nevertheless a continuing effect of initial nitrates on 
nitrogen uptake in the successive crops. The relationship 
between nitrogen uptake by the first crop and initial nitrate-
nitrogen present in the 26 soils is shown in Figure 14. The 
functional relationship is indicated by the equation Y = 54.81 
+ 0.749X, where Y is the milligrams of nitrogen uptake by the 
ryegrass and X is the milligrams of initial nitrate-nitrogen 
present in the soil. The value is 0.89 5. Since no differ­
ential treatment was applied to the first crop, the entire 
uptake data were available for the regression analyses. The 
data indicate a grouping of values at the low range of 
nitrate-nitrogen values. The need for more points in the 
middle and upper values of nitrate-nitrogen detracts somewhat 
from the high correlation computed. 
Anaerobic ammonia (N^) correlations with nitrogen uptake 
show an opposite trend to that of nitrate-nitrogen and nitro­
gen uptake relationship. Higher r-values are obtained for the 
relationships between anaerobic ammonia and nitrogen uptake 
with each successive crop. This increase in r-values with 
each successive crop indicates that nitrogen mineralization 
Figure 14. Relationship between N uptake by the first crop of 
ryegrass and initial soil NO3-N of 26 soils used 
in this study 
N UPTAKE BY FIRST CROP OF RYEGRASS (mç, N per pot) 
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played a more important part in the nitrogen status of the 
crop after the initial nitrates in the soil were exhausted. 
Furthermore, it points out that the relationship between 
anaerobic ammonia and nitrogen uptake is more properly meas­
ured when the effect of initial nitrates on nitrogen uptake 
is negligible or completely absent. Comparisons between the 
before and after cropping data on anaerobic ammonia indicate 
that nitrogen uptake of the combined Check and P treatments 
is better related to the before cropping data on anaerobic 
ammonia than the after cropping information. This is apparent 
by the higher r-values shown for the relationship between 
anaerobic ammonia before cropping and the nitrogen uptake data 
given for any crop or grouping of crops. In Figures 15A-15B 
the relationship between nitrogen uptake of the combined third 
and fourth crops and anaerobic ammonia before cropping is 
compared with the relationship between the same nitrogen uptake 
data and anaerobic ammonia after cropping. The after cropping 
values (Figure 15B) show a smaller range of anaerobic ammonia 
values and appear not as well related to nitrogen uptake than 
the before cropping data. 
Most of the cross-products, except x Sd, show high 
r-values when correlated with nitrogen uptake. This is due to 
the inclusion of anaerobic ammonia-nitrogen or initial 
nitrate-nitrogen in the make-up of the cross-product terms. 
The high correlation between initial nitrates and soil 
test phosphorus (P) is due to the combined application of 
Figures 15A-15B. Comparison of relationships between N uptake 
by the combined third and fourth crops and 
anaerobic NH3 before and after cropping 
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of phosphorus and manure in the treatments of the field plots 
sampled. It was noted earlier that the high initial nitrate-
nitrogen level was associated in part with recent applications 
of manure on the plots sampled. These plots also included a 
phosphorus application as a treatment. Both the manure and 
the phosphorus application increased the levels of available 
phosphorus in the soils. This accounts for the correlation 
between and P. 
As noted in an earlier observation, anaerobic ammonia was 
not correlated with initial nitrate content of the soils. 
This is validated by the coefficient of correlation, r = 0.032, 
found by computation. The mutual independence of these two 
variables makes it possible to obtain independent estimates of 
the effects of initial nitrate and anaerobic ammonia on nitro­
gen uptake by ryegrass. Thus, a valid estimate of the 
relationship between nitrogen uptake and anaerobic ammonia 
independent of initial nitrate appears to be a possibility. 
The coefficient of correlation for the relationship 
between anaerobic ammonia and total nitrogen content (N^) of 
the soil samples was -0.604. Previous examination of the soil 
data also indicated that anaerobic ammonia and total nitrogen 
content appeared to be negatively correlated. The explanation 
for the negative correlation was withheld until coefficients 
of correlation were determined for the different soil vari­
ables in all possible pairs. It appears that the negative 
correlation found between the two variables may indicate only 
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a superficial relationship, which is brought about by an 
interrelationship between the two variables and a third vari­
able, clay content (CI). Clay content was negatively 
correlated with anaerobic ammonia, r = -0.713. This negative 
correlation was noted earlier and explained. Clay content and 
total nitrogen content are positively and highly correlated 
with each other, r = 0.700. It follows from this inter­
relationship that total nitrogen would be negatively correlated 
with anaerobic ammonia. Thus, the negative correlation may 
reflect only a relationship characterized by the set of data 
obtained in this study and not necessarily indicate a general 
relationship between total nitrogen content and anaerobic 
ammonia. 
Because of its strong relationship with clay content, 
total nitrogen content appears to be negatively correlated 
with nitrogen uptake variables, namely , and U^. The 
correlation probably is a superficial one and results from 
interrelationships among clay content, nitrogen uptake, and 
total nitrogen content. Organic carbon is involved in the 
same type of superficial relationship. It will be seen later 
when dealing with multiple regression equations relating 
nitrogen uptake with soil variables, that the partial regres­
sion coefficients are positive for total nitrogen content and 
negative for clay content. 
Percent organic carbon is found very highly correlated 
with percent total nitrogen, r = 0.9 94. In order to obtain a 
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functional relationship between the two variables, a regres­
sion equation was developed. The relationship between percent 
organic carbon and percent total nitrogen is shown in Figure 
16. The functional relationship is given by the equation 
Y = 12.33X - 0.323, where Y is the percent organic carbon and 
X is the percent total nitrogen. The carbon nitrogen ratio 
varies from 9.1 at 0.1 percent total nitrogen to 11.3 at 0.32 
percent total nitrogen. 
The -adjusted nitrogen uptake (U^) is found highly corre­
lated with anaerobic ammonia (r = 0.875). The effectiveness 
of adjusting nitrogen uptake for the initial nitrates present 
in the soil is evident from the increase in r value. The 
correlation coefficient for anaerobic ammonia and nitrogen 
uptake without adjustment, and not including the first crop 
(Uit) is 0.789. Thus, development of the variable is found 
a more satisfactory method for removing the effects of initial 
nitrates than the method of including only the nitrogen uptake 
data from the second and subsequent crops for correlation with 
anaerobic ammonia. Furthermore, the correlation between 
adjusted uptake and initial nitrate is practically non-existent 
(r = 0.067), which again indicates the effectiveness of the 
adjustment. 
The method of adjusting for nitrates present initially in 
the soil was based on the assumption that nearly complete 
recovery of the initial nitrates would be obtained in several 
successive harvests of the ryegrass. If this assumption for 
Figure 16. Relationship between percent organic C and percent 
total N of 26 soils used in this study 
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Y = 12.33 X -0.323 
R^= 0.987 
TOTAL N (%) 
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effecting the adjustment on a basis of 1 unit of nitrogen 
uptake for each unit of initial nitrate-nitrogen present in 
the soil is valid, the r-value calculated for the relationship 
between the adjusted nitrogen uptake and anaerobic ammonia 
should be the highest value possible. This adjustment would 
be based on a ratio of 1, i.e., one milligram of uptake nitro­
gen deducted per milligram of initial nitrate-nitrogen present 
in the soil. This ratio is termed the adjustment ratio for 
initial nitrates. Other adjustments in the uptake may be 
achieved with different adjustment ratios. However, all other 
adjustments based on a ratio different from 1 should result 
in lower r-values when the corresponding adjusted uptake 
values are correlated with anaerobic ammonia. To test this, 
a number of correlations were determined using different 
adjustment ratios. The result is given in Figure 17, which 
indicates that the highest r-value is obtained at a ratio of 
about 1. 
Multiple regression analyses 
Statistical methods were employed to determine whether 
the nitrogen uptake data could be better related to anaerobic 
ammonia when other soil values, in particular soil phosphorus, 
were included as variables and evaluated in multiple regres­
sion equations. The general approach employed for meeting the 
above objective included: first, an assessment of the effec­
tiveness of the overall experimental method and technique used 
Figure 17. Effect of adjustment ratios for initial nitrates on correlation 
coefficients 
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in relating nitrogen uptake by ryegrass to available soil 
nitrogen; second, an evaluation of the correlation between 
nitrogen uptake and anaerobic ammonia with other soil vari­
ables; third, characterization of the effect of soil 
phosphorus on the correlation between nitrogen uptake and 
anaerobic ammonia. 
In order to determine how well the uptake of nitrogen 
could be related to laboratory estimates of soil nitrogen 
availability under the conditions of the experiments, multiple 
regressions of total nitrogen uptake by the combined crops on 
anaerobic ammonia, other soil variables, and their cross-
products were computed. The results of the computation are 
given in Table 5. The table lists the variables included in 
the equation, the partial regression coefficients, their 
standard deviations, s(b^), the probability levels for the 
t-values computed and the value. Because percent total-
nitrogen and organic carbon were found very highly correlated, 
the latter was not used in any of the multiple regression 
analyses. 
Equation 1 includes all soil variables and cross-products 
considered in this study except anaerobic ammonia, after 
cropping (N^). The partial regression coefficients for 
anaerobic ammonia-nitrogen and initial nitrate-nitrogen were 
found significant at the 1 percent level, while soil pH, sand 
content, and the cross-product of anaerobic ammonia times sand 
content were found significant at the 5 percent level. The 
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Table 5. Multiple regression statistics for the regression of 
nitrogen uptake by the combined crops (Y) of the 
Check and P treatments on soil variables (X.) 
Probability 
Equation Variate ^ levels for 
No. (X^) Y = c + ZbuX^ s(bu) t-values^ 
c = 86.6820 
Na +0.4275 0.1515 ** 
Ni +0.6140 0.2149 ** 
P -0.1142 0.0947 tt 
pH -2.7188 1.1948 * 
CI -0.3746 0.4815 t 
Sd +0.4427 0.2175 * 
Nt +41.2295 37.2238 tt 
Na X Nj_ +0.0035 0.0032 tt 
Na X P +0.0006 0.0019 t 
Na X CI -0.0051 0.0058 tt 
Na X Sd -0.0088 0.0034 * 
Ni X P +0.0003 0.0014 t 
r2 = 0.9694 
Na 
Ni 
Cl 
Na X Ni 
c = 81.6647 
+ 0 . 2 0 0 0  
+0.5057 
-0.3698 
+0.0050 
> 2  =  
0.0567 
0.0915 
0.1386 
0.0015 
** 
** 
* 
** 
= 0.9474 
^Notations used to indicate the probability levels 
associated with the calculated t-values for each partial 
regression coefficient: **1%, *5%, fflO%, f20%, %^40%, 
and greater than 40%. 
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Table 5. (continued) 
Equation 
No. 
Variate 
(Xi) Y = c + ZbiXi s (bi) 
Probability 
levels for 
t-values^ 
3 c = 49.8685 
Na +0.4493 0.0366 *  *  
Ni +0.7451 0.0344 * *  
Nt +39.3574 
R2 
14.8298 
= 0.9400 
*  
4 c = 66.2549 
Na +0.2989 0.0455 * *  
Ni +0.5399 0.0962 *  *  
Na X Ni +0.0040 0.0016 
= 0.9390 
*  
t-values for the remaining partial regression coefficients are 
considered non-significant. Obviously, no meaning can be 
attached to the significance found for sand content. Possibly 
an interrelationship exists among sand, clay, and total nitro­
gen that results indirectly in a significance for sand content. 
Less than one-half of the number of variables included in 
Equation 1 was found effective in explaining the variability 
present in the nitrogen uptake data. In order to obtain equa­
tions that include only a few variables and still effectively 
account for the variability present in the observations, a 
systematic approach was employed for selecting meaningful 
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variables. Schultz and Goggens (45a) described a procedure 
for making a selection of the most potent variables. Because 
a large number of variables were involved in this investiga­
tion, only a selected few were evaluated. The determination 
of the most meaningful variables was initiated by including 
the two most potent variables, initial nitrates and anaerobic 
ammonia, in the multiple regression equation and determining 
the largest amount of additional sum of squares accounted for 
after introducing successively a third variable into the equa­
tion. The variable accounting for the largest sum of squares 
was added to the multiple regression equation as the third 
most potent variable. The process was repeated for determin­
ing a fourth most potent variable. 
The equations with four and three most potent variables 
are given by Equations 2 and 3 respectively. In comparison to 
Equation 1, which has an value of 0.9 69, Equation 2 and 3 
have lower values, 0.9 47 and 0.9 40 respectively. Analysis 
of variance for each equation is given in Table 6. The lowest 
residual mean square is associated with Equation 1. Equation 
2 and 3 were not as effective in reducing the residual mean 
squares as Equation 1, nor Equation 3 as effective as Equation 
2. In spite of the higher residual mean squares resulting 
from the reduced equations, the amount of variability 
accounted for in the observation by just four or three vari­
ables is still very high. Even a three variable equation with 
the third variables being a cross-product of the two variables 
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Table 6. Analyses of variance of nitrogen uptake by the 
combined crops of the Check and P treatments 
Degrees Sum Mean 
Equation No. Source of freedom of squares squares 
1 Total 51 16942.92 
Regression 12 16423.95 
Residual 39 518.77 
2 Total 51 16942.92 
Regression 4 16051.82 
Residual 47 891.10 
3 Total 51 16942.92 
Regression 3 15927.00 
Residual 48 1015.92 
4 Total 51 16942.92 
Regression 3 15916.79 
Residual 48 1026.13 
1368.66 
13.31 
4012.96 
18.96 
5309.00 
21.17 
5305.60 
21.38 
show a high as indicated by Equation 4. These equations 
indicate that the uptake of nitrogen by ryegrass in this study 
could be related very successfully to sources of nitrogen 
characterized in the soil. 
In the equations given, the signs of the partial regres­
sion coefficient for clay content is negative, but positive 
for total nitrogen content. Previously, the correlation 
between nitrogen uptake and total nitrogen content appeared 
with a negative sign. The total nitrogen content is properly 
evaluated in the multiple regression equation. The positive 
relation between nitrogen uptake and total nitrogen content 
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can be shown by plotting the relationship between the two 
variables, and stratifying the total nitrogen content by 
levels of anaerobic ammonia as given in Figure 18. Lines are 
used to indicate the stratification, which is established by 
discrete sets of values. The discrete set of anaerobic 
ammonia values given are 18 to 42, 52 to 73, and 88 to 98 
parts per two million of nitrogen. Within each stratifica­
tion, nitrogen uptake values appear as a positive correlation 
with the total nitrogen content values, and this relationship 
is indicated by a positive sign on the partial regression 
coefficient for total nitrogen content. On the other hand, a 
negative relation between the two variables is apparent when 
the data is not stratified, and this relationship is given by 
a negative sign in the simple correlation. 
The adjusted nitrogen uptake values were used to estab­
lish a functional relationship with anaerobic ammonia and 
other soil variables. The initial nitrate-nitrogen was not 
included as a variable in any of the multiple regression equa­
tions developed for characterizing this functional relation­
ship. Table 7 gives the multiple regression equations of the 
adjusted nitrogen uptake on anaerobic ammonia and other soil 
values. The analyses of variance for these equations are 
given in Table 8. Equation 5 produced an value of 0.886 
and residual mean squares of 13.99. The variables which were 
found significant at 10 percent level or lower included only 
anaerobic ammonia, soil test phosphorus, soil pH, total 
Figure 18. Relationship between N uptake by the combined crops of the Check and P 
treatments and total N content, data stratified by anaerobic ammonia 
levels 
N UPTAKE BY COMBINED CROPS (mg N per pot) 
CTT 
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Table 7. Multiple regression statistics for the regression of 
adjusted nitrogen uptake by the combined crops (Y) of 
the Check and P treatment on soil variables (X^) 
Probability 
Equation Variate ^ levels for 
No. (Xi) Y = c + Ebj^Xi s(bi) t-values^ 
c = 85.8990 
Na 0.3709 0.1490 * 
P -0.1622 0.0665 * 
PH -2.1236 1.1587 f t  
CI -0.5920 0.4757 
Sd +0.2574 0.1907 t  
Nt +63.0209 34.8603 f t  
Na X P +0.0026 0.0010 * 
Na X CI -0.0039 0.0056 
Na X Sd -0.0064 0.0032 * 
R2 = 0.8860 
c = 89.7145 
Na +0.2208 0.0621 ** 
P -0.1797 0.0577 ** 
pH -1.5060 0.9310 t  
CI -0.6985 0.1478 ** 
Nt +50.2001 14.4691 * * 
Na X P +0.0029 0.0010 ** 
R2 = 0.8719 
^Notations used to indicate the probability levels 
associated with the calculated t-values for each partial 
regression coefficient: **1%, *5%, fflO%, t20%, ff40%, 
and f greater than 40%. 
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Table 7. (continued) 
Probability 
Equation Variate ^ levels for 
No. (X^) Y = c + Zb^Xi s(bj_) t-values^ 
Na 
P 
CI 
Nj. 
Na X P 
Ng X CI 
c = 70.4823 
+0.3117 
-0.1375 
-0.4825 
+54.5121 
+ 0 . 0 0 2 6  
- 0 . 0 0 2 2  
R 2 _ 
0.1449 
0.0525 
0.3248 
15.6034 
0.0010 
0.0054 
0.8650 
* 
* 
t  
* * 
* 
Na 
P 
CI 
Nt 
Na X P 
c = 74.2512 
+0.2571 
-0.1366 
-0.6037 
+52.4546 
+0.0025 
r2 = 
0,0589 
0.0520 
0.1380 
14.6527 
0.0009 
0.8644 
*  *  
*  
* *  
*  *  
*  
N. 
N. 
N a  X  P 
c = 56.1654 
+0.3791 
-0.1000 
+28.6039 
+0.0016 
r2 
0.0611 
0.0604 
16.0105 
0.0011 
0.8081 
** 
t  
f t  
t  
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Table 7. (continued) 
Equation Variate 
No. (Xi) y = c + 
Probability 
levels for 
ïbiXi s(bj_) t-values^ 
10 
Na 
P 
Cl 
Na X P 
c = 84.7070 
+0.1760 
-0.1932 
-0.4199 
+0.0036 
r2 
0 .0609 
0.0554 
0.1433 
0.0010 
0.8267 
* *  
*  *  
*  *  
11 
Na 
Cl 
Nt 
X Cl 
c = 62.8671 
+0.3793 
-0.5301 
+65.4896 
-0.0003 
r2 
0.1439 
0.3242 
15.8302 
0.0052 
0.8430 
* 
t  
** 
12 
N: 
Na X P 
c = 66.2697 
+0.3043 
-0.1429 
+0.0025 
r2 
0.0455 
0.0567 
0.0010 
0.7950 
** 
* 
* 
13 
N: 
C = 61.8584 
+0.3927 
-0.0132 
RZ 
0.0311 
0.0264 
0.7672 
** 
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Table 7. (continued) 
Probability 
Equation Variate ^ levels for 
No. (Xi) Y = c + Zbj^Xj^ s(b£) t-values^ 
14 c = 84.1612 
Na +0.1359 0.1517 ff 
CI -0.7114 0.3713 ft 
Na X CI +0.0079 0.0056 f 
R2 = 0.7858 
15 c = 49.7756 
Na +0.4498 0.0360 ** 
Nt +39.0958 14.3395 ** 
r2 = 0.7969 
Table 8. Analyses of variance of adjusted nitrogen uptake by 
the combined crops of the Check and P treatments 
Degrees Sum Mean 
Equation No. Source of freedom of squares squares 
Total 51 5153, .26 
Regression 9 4565. ,85 507. ,32 
Residual 42 5 8 7 .  41 13, .99 
Total 51 5153, .26 
Regression 6 4493, .11 748. ,85 
Residual 45 660. 15 14. 67 
Total 51 5153. 26 
Regression 6 4457, .35 742. 89 
Residual 45 695, .91 15, .46 
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Table 8. (continued) 
Degrees Sum Mean 
Equation No. Source of freedom of squares squares 
8 Total 51 5153.26 
Regression 5 4454.73 890.95 
Residual 46 698.53 15.19 
9 Total 51 5153.26 
Regression 4 4164.18 1041.04 
Residual 47 989.08 21.04 
10 Total 51 5153.26 
Regression 4 4260.12 1065.03 
Residual 47 893.14 19.00 
11 Total 51 5153.26 
Regression 4 4344.10 1086.02 
Residual 47 809.16 17.22 
12 Total 51 5153.26 
Regression 3 4097.00 1365.67 
Residual 48 1056.25 22.00 
13 Total 51 5153.26 
Regression 2 3953.80 1776.90 
Residual 49 1199.45 24.48 
14 Total 51 5153.26 
Regression 3 4049.45 1349.81 
Residual 48 1103.81 23.00 
15 Total 51 5153.26 
Regression 2 4106.53 2053.26 
Residual 49 1046.73 21.36 
16 Total 51 5153.26 
Regression 1 3947.26 3947.26 
Residual 50 1106.00 22.10 
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nitrogen content, anaerobic ammonia times soil test phosphorus, 
and anaerobic ammonia times sand. Equations 6, 7, and 8 were 
found almost as effective as Equation 5 in producing low 
residual mean squares. The latter equation accounted for no 
additional amount of significant sum of squares over Equations 
6, 7, and 8, as indicated in Table 9, in which the additional 
sum of squares accounted for by the inclusion of additional 
variables in the equations are listed. It follows, therefore, 
that the additional sum of squares accounted for in Equation 
6 and 7 over that of Equation 8 is non-significant. Equation 
8 (see Table 7) includes only variables that are significant 
at the 5 percent level or lower, and presents possibly the 
best equation for characterizing the nitrogen uptake by rye­
grass in this study. A deletion of any variable from Equation 
8 results in a significant decrease in the sum of squares 
accounted by regression. This is evident by the reduction in 
sum of squares due to deletion of clay or total nitrogen con­
tent (see Equations 9 and 10 respectively. Table 10). A 
similar evaluation for the soil test phosphorus variable is 
not available, but a good approximate evaluation is obtained 
by comparing Equations 7 and 11. Equation 7 differs from 
Equation 8 by an additional variable, anaerobic ammonia times 
clay content, which is non-significant and therefore does not 
account appreciably for additional sum of squares over that of 
Equation 8. The respective values for Equations 7 and 8 
are 0.865 and 0.864, and the sums of squares due to regression 
Table 9. Comparisons of multiple regression equations of adjusted nitrogen uptake 
for additional sum of squares accounted by Equation 5 
Degrees 
Equations of Sum of Mean 
compared Variables freedom squares squares F 
5 Regr. on N^;P;pH;CljSdjN^;KgXPjN^xCljN^xSd 9 4565.85 
6 Regr. on N^;P;pH;Cl;Nt;N^xP 6 4493.11 
Additional due to Sd, N^xCl, N^xSd 3 72.74 24.25^ 1. 73 
Error 42 587.41 13.99 
5 Regr. on N^;P;pH;Cl;Sd;N^;N^xP;N^xCl;N^xSd 9 4565.85 
7 Regr. on N^;P;Cl;Nt;N3xP;N^xCl 6 4457.35 
Additional due to pH, Sd, N^xSd 3 108.50 36.17^ 2. 59 
Error 
] 
42 587.41 13.99 
5 Regr. on N3;P;pH;Cl;Sd;N^;N^xP;N3xCl;N^xSd 9 4565.85 
8 Regr. on N^;P;Cl;N^;N^xP 5 4454.73 
Additional due to pH, Sd, N^xcl, N^xsd 4 111.12 27.78^ 1. 99 
Error 42 587.41 13.99 
^Not significant. 
Table 10. Comparisons of multiple regression equations in the reduction of sum of 
squares due to deletion of variables from Equation 8 
Equations 
compared Variables 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
squares F 
8 Regr. on N^, P, CI, N|-, Ngxp 5 4454.73 
9 Regr. on N^, P, N^/ N^xp 4 4164.18 
Reduction due to deletion of CI 1 290.55 290.55** 19.12 
Error 46 698.43 15.19 
8 Regr. on N^, P, CI, N^, N^xp 5 4454.73 
10 Regr. on N^, P, CI, N^xp 4 4260.12 
(Reduction due to deletion of Nt 1 194.61 194.61** 12.81 
Error 46 698.43 15.19 
7 Regr. on N^, P, CI, N^xp ,  N G ^ X C L  6 4457.35 
11 Regr. on N^, CI, N^, N^xCl 4 4344.10 
Reduction due to deletion of P, N G X P  2 113.25 56.62* 3.66 
Error 45 695.91 15.46 
•Significant at the 5% level. 
**Significant at the 1% level. 
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are 4457.35 and 4454.73. The contrast between Equations 7 and 
11 shows a significant reduction in sum of squares due to the 
deletion of P and NH3 x P variables (see Table 10). 
Equations 6, 7, and 8 (see Table 7) indicate that 
anaerobic ammonia, soil test phosphorus, clay content, total 
nitrogen content, and anaerobic ammonia times soil phosphorus 
are significant. The level of significance attained by each 
variable depends on the nature of the other variables included 
in the same equation. This is very evident with the clay 
variable, which when included in an equation without the 
anaerobic ammonia times clay content in Equation 6, is highly 
significant, but when included with it in Equation 7 is found 
non-significant. Obviously, the cross-product term accounts 
for no significant amount of sum of squares, when included in 
the same equation with the clay variable. The cross-product 
apparently partitions a portion of the same sum of squares 
accounted by the clay variables. On the other hand; soil test 
phosphorus was found significant in all the equations in which 
the anaerobic ammonia times soil test phosphorus was included 
with it. When the cross-product term is not present as in 
Equation 13, the soil test phosphorus variable is non­
significant. The r2 value for the equation is 0.767 and is 
about the same as that for a simple regression (R^ = 0.766) in 
which only the anaerobic ammonia variable is included in the 
regression equation. The sign of the partial regression 
coefficient for soil test phosphorus is negative in every 
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equation in which the phosphorus variable is included. The 
phosphorus variable when included with the anaerobic ammonia 
times soil test phosphorus was found a more potent variable 
than clay content and its cross-product term of anaerobic 
ammonia times clay content. However, total nitrogen was found 
more effective in accounting for additional sum of squares 
than soil test phosphorus and anaerobic ammonia times soil 
test phosphorus. The comparisons of these variables in 
accounting for sum of squares are included in Table 11. 
The effect of soil test phosphorus on the adjusted nitro­
gen uptake is apparent when the soil test phosphorus data is 
stratified by the cross-product term as given in Figure 19. 
The stratification is by discrete sets of values of anaerobic 
ammonia times soil test phosphorus and includes values of 200 
to 500, 800 to 1,500, and 2,100 to 4,700. Straight lines 
drawn to represent the stratifications indicate the inverse 
relationship between adjusted nitrogen uptake and soil phos­
phorus. A positive relationship between adjusted nitrogen 
uptake and anaerobic ammonia times soil test phosphorus is 
indicated by the increase in nitrogen uptake with increase in 
levels of stratification. 
Index of nitrogen availability 
The correlation between the adjusted nitrogen uptake and 
anaerobic ammonia was given by a r-value of 0.875. The 
adjusted value represents the nitrogen uptake by the plants of 
Table 11. Comparative effects of soil phosphorus, clay content, total nitrogen 
content, and the cross-product terms on adjusted nitrogen uptake as 
determined by the accounting of additional sum of squares 
Equations 
compared Variables 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
squares F 
12 
16^ 
Regression 
Regression 
on Na, 
on Na 
P, Na%P 3 
1 
4097.00 
3947.26 
Additional 
Error 
due to P, Ngxp 2 
48 
149.74 
1056.25 
74.87* 
22.00 
3.40 
14 
16^ 
Regression 
Regression 
on N^, 
on Ng 
CI, N^xCl 3 
1 
4049.45 
3947.26 
Additional 
Error 
due to Cl, N^xCl 2 
48 
102.19 
1103.81 
51.10^ 
23.00 
2.22 
15 
16^ 
Regression 
Regression 
on Na, 
on-*N^ 
Nt 2 
1 
4106.53 
3947.26 
Additional 
Error 
due to Nt 1 
49 
159.27 
1046.73 
159.27** 
21.36 7.46 
^Equation not given in Table 7. 
^^Not significant. 
^Significant at 5%. 
**Significant at 1%. 
Figure 19. Relationship between adjusted N uptake and soil test phosphorus, data 
stratified by levels of anaerobic ammonia times soil test phosphorus 
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mineralized nitrogen occurring in the soil during cropping. 
The amount of nitrogen mineralized in the greenhouse is found 
highly correlated with anaerobic ammonia measured in the 
laboratory. Higher correlations are obtained when the effects 
of soil test phosphorus, anaerobic ammonia times soil test 
phosphorus, and other soil values are taken into account. 
Improved correlations of 0.892 to 0.930 are obtained when the 
number of meaningful soil variables included in the multiple 
regression equation is increased. 
The question is raised: why does correlation between 
nitrogen uptake and anaerobic ammonia improve when certain 
additional soil variables are taken into account? If the soil 
factors influencing nitrogen mineralization in the greenhouse 
pots affect ammonia production in the laboratory in a com­
parable manner, there should be no soil factor affecting the 
correlation between the uptake of nitrogen by ryegrass and 
anaerobic ammonia produced during incubation. The fact that 
soil test phosphorus (as well as clay content and total 
nitrogen) does affect the correlation indicates that soil test 
phosphorus influences the nitrogen mineralization in the 
greenhouse in a different manner than it does in the labora­
tory incubation. 
The discrepancy in the greenhouse and laboratory pro­
cesses may be seen in the relationship between nitrogen uptake 
and anaerobic ammonia at different levels of soil phosphorus 
as given in Figure 20, where Equation 12, which is given as 
Figure 20. N uptake and anaerobic NH3 relationship at 
different levels of soil test phosphorus 
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Y = 66.27 + 0.3043Na - 0.1429P + O.OO25N3P, is plotted in a 
two-dimensional scale as shown. The three levels of phos­
phorus indicated are 10, 30, and 50 parts per two million of 
phosphorus. At the higher values of anaerobic ammonia, a 
larger amount of nitrogen uptake occurs at the higher soil 
test phosphorus values, while at the lower values of anaerobic 
ammonia, the nitrogen uptake is less at the higher soil test 
phosphorus. Another interpretation of the effect of soil test 
phosphorus is possible. If soil test phosphorus levels are 
presumed to affect the production of ammonia during incubation 
rather than the mineralization of nitrogen in the greenhouse, 
a different explanation may be given. At high anaerobic 
ammonia values, less ammonia is produced at higher soil phos­
phorus levels than at the lower levels, while at low anaerobic 
ammonia values, more ammonia is produced at higher soil phos­
phorus levels. 
Because of the existing discrepancy between mineraliza­
tion of nitrogen in the greenhouse and laboratory, higher 
correlations were found when the appropriate soil variables 
were included and accounted for in multiple regression equa­
tions . It appears that when either the greenhouse or the 
laboratory method or both are more appropriately controlled, 
a higher coefficient of correlation between nitrogen uptake 
and anaerobic ammonia may be obtained than found otherwise. 
Anaerobic ammonia was found to be a good index of nitro­
gen availability. There is the possibility of improving the 
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accuracy of the index by eliminating the factors causing a 
discrepancy between the mineralization in the greenhouse and 
in the laboratory. 
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SUMMARY AND CONCLUSIONS 
This study was conducted to determine the accuracy of 
anaerobic ammonia as an index of nitrogen availability of 
soils under different levels of soil phosphorus. Emphasis was 
placed on the effect of soil phosphorus on the correlation 
between nitrogen uptake by ryegrass and the ammonia produced 
during incubation. 
Twenty-six samples of soils collected from 10 principal 
soil areas in Iowa were cropped successively with ryegrass 
which had been pre-grown in sand culture and later placed on 
the soil samples in greenhouse pots. Soil and plant analyses 
were obtained to characterize the soil and plant material 
derived from the field and greenhouse. The results of these 
analyses served as the basis for correlating nitrogen uptake 
and anaerobic ammonia. 
Field treatments applied to plots from which soil samples 
were secured, affected the results of the various soil analyses 
I 
performed on the samples. High levels of anaerobic ammonia 
were found on all manure treated plots; however, a few soils 
without manure treatment also showed high levels of anaerobic 
ammonia. High amounts of nitrates found in the soils were 
attributed to either recent applications of manure or nitrogen 
carryover from previous applications of nitrogen. Differ­
ential phosphorus treatments to the field plots resulted in 
higher soil test phosphorus on soils receiving phosphorus 
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application than the same soil type receiving no phosphorus. 
Application of potassium did not necessarily result in an 
increase in exchangeable potassium in the soils; there 
appeared a tendency toward lowering of exchangeable potassium 
on some soils with phosphorus applications. 
The low nitrogen supply to the crops in the Check and P 
treatments in the greenhouses, due to slow nitrogen minerali­
zation, limited growth and nutrient uptake to such an extent 
that the only difference found in the plant data between the 
two treatments was higher phosphorus uptake in the P treatment. 
The high amounts of nitrogen and phosphorus applied in the NP 
treatment resulted in the highest dry matter and nutrient 
accumulation of the four treatments initiated in this study. 
The N treatment respited in lower dry matter and nutrient 
accumulation than occurred with the NP treatment. The lower 
dry matter and nutrient accumulation in the N treatment is 
attributed to the lack of sufficient supply of phosphorus to 
the plants by the soils low in soil test phosphorus. 
Uptake of phosphorus in both the N and NP treatments was 
conditioned by the levels of soil test phosphorus. A curvi­
linear relationship was found between phosphorus uptake and 
soil test phosphorus for the N treatment. The relationship 
was described by the equation, Y = 19.64 + 0.782X - 0.00209X^7 
where Y is the milligrams of phosphorus (P) uptake and X is 
the soil test phosphorus in parts per two million of P. A 
value of 0.961 was obtained. The high obtained in the 
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regression analysis indicated that the soil test phosphorus is 
an accurate index of P availability of soils in this study. 
Results of the analyses of soils after cropping indicated 
that lowering of the initial levels of anaerobic ammonia and 
soil test phosphorus had occurred as a result of cropping, 
regardless of treatment. The nitrate levels in the soils of 
the Check, P, and NP treatments were lower after cropping than 
before cropping. This was attributed to the relatively rapid 
uptake or nitrogen in relation to the supply of nitrogen in 
the soil and sand layer. The N treatment resulted in higher 
levels of nitrates after cropping than initially present in 
the soils, particularly in soils low in soil test phosphorus, 
which limited uptake of high amounts of nitrogen supplied to 
the pots. The increase in nitrate levels in the soils of the 
N treatment is attributed to the movement of nitrates into the 
soil layer from the sand layer, either by diffusion or trans­
port by the roots. 
Exchangeable potassium was higher in the soils after 
cropping than before cropping under the Check and P treatments. 
The low supply of nitrogen to the crops due to slow minerali­
zation rate limited the uptake of exchangeable potassium which 
by diffusion and or transport by the roots moved into the soil 
layer. Where nitrogen alone or nitrogen and phosphorus were 
applied, increases in exchangeable potassium in soils after 
cropping were found associated with soils low in soil test 
phosphorus. 
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The correlation obtained between anaerobic ammonia and 
soil phosphorus was non-significant. A high negative correla­
tion was obtained between anaerobic ammonia and clay content. 
The binding of readily mineralizable nitrogen fraction of the 
organic matter was given as a possible explanation for the 
negative relationship observed. The negative correlation 
between anaerobic ammonia and clay content caused total 
nitrogen and organic carbon, which were closely related to 
clay content, to appear negatively correlated with anaerobic 
ammonia. This superficial relationship was made apparent by 
multiple regression analyses of nitrogen uptake on soil vari­
ables. In the multiple regression equations developed, the 
clay and total nitrogen variables were properly evaluated. 
The sign of the partial regression coefficient for clay was 
negative, while that for total nitrogen was positive. 
Since no difference in the amount of nitrogen uptake was 
observed between the Check and P treatment, the nitrogen 
uptake data from these two treatments were employed for corre­
lating with anaerobic ammonia. 
The initial nitrate-nitrogen present in the soil was 
found highly correlated with nitrogen uptake data, especially 
with that from the first crop. This strong relationship 
between nitrogen uptake and nitrate-nitrogen interfered with 
developing a valid correlation between nitrogen uptake and 
anaerobic ammonia. In order to overcome the effect of initial 
nitrates on the correlation, the nitrogen uptake data was 
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adjusted for initial nitrates present in the soils. The 
adjusted nitrogen uptake was almost completely free of the 
initial nitrate effect and was found much more highly corre­
lated with anaerobic ammonia than previously obtained without 
the adjustment. 
The variability in the observations (nitrogen uptake) was 
explained to a high degree when sources of nitrogen in the 
soils and other soil factors were characterized and evaluated 
in multiple regression equations. The values of 0.940 to 
0.969 indicated that the overall experimental method and tech­
nique were effective and precise enough for evaluating, to a 
high degree, anaerobic ammonia as an index of nitrogen availa­
bility in soils. 
Nitrogen uptake was found highly correlated with anaerobic 
ammonia. A r-value of 0.875 was obtained by simple correla­
tion. The correlation was improved when other soil variables 
were included with anaerobic ammonia and evaluated in multiple 
regression equations. The "best" equation obtained is 
expressed by Y = 74.25 + 0.257%% - 0.137P - 0.604C1 + 52.46Nt 
+ 0.0025Na^P, where Y is the adjusted nitrogen uptake in 
milligrams of nitrogen per pot, is the anaerobic ammonia 
in parts per two million, P is soil test phosphorus in parts 
per two million, CI is clay in percent, N-t is total nitrogen 
in percent and x P is the cross-product term of the indi­
cated variables. The value was 0.864. 
The fact that the correlation between nitrogen uptake and 
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anaerobic ammonia was improved when other soil variables were 
included in a multiple regression equation indicated that 
nitrogen mineralization processes in the greenhouse and the 
laboratory were affected differently by the various soil vari­
ables. The major soil factors causing the discrepancy between 
the greenhouse and laboratory mineralization processes were 
total nitrogen content, soil test phosphorus, and clay content. 
Soil test phosphorus affected the correlation between nitrogen 
uptake and anaerobic ammonia differently at high levels of 
soil test phosphorus than at the lower levels-. Whether this 
interaction effect occurred in the laboratory mineralization 
process or in the greenhouse was not determined. 
Anaerobic ammonia was found a good index of nitrogen 
availability. There is a possibility of improving the index 
by developing a more appropriate method for obtaining a better 
estimate of either (or both) anaerobic ammonia in the labora­
tory or nitrogen mineralization in the greenhouse pots. 
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Table 12. Nutrient addition to greenhouse pots 
Cropping dates 
Crop start to harvest 
No. of 
growing 
days 
Differential Application 
treatment date 
10/21/64-12/17/64 57 (None) 10/28/64 
11/14/64 
11/24/64 
12/17/64-3/1/65 
12/17/64-3/1/65 
12/17/64-1/14/65 
12/17/65-1/14/65 
75 
75 
28 
28 
CK 
P  
N  
N P  
12/21/64 
12/30/64 
12/20/64 
12/30/64 
12/21/64 
12/30/64 
12/21/64 
12/30/64 
3/1/65-4/12/65 
3/1/65-4/12/65 
1/14/65-2/24/65 
1/14/65-2/24/65 
42 
42 
41 
41 
CK 
P 
N 
NP 
3/15/65 
1/18/64 
1/18/64 
4/12/65-5/17/65 
4/12/65-5/17/65 
2/24/65-4/2/65 
2/24/65-4/2/65 
35 
35 
37 
37 
C K  
P 
N 
NP 
3/5/65 
3/5/65 
3/12/65 
Add.* 4/2/65-5/10/65 
4/2/65-5/10/65 
4/2/65-5/10/65 
4/2/65-5/10/65 
38 
38 
38 
38 
N 
NP 
4/5/65 
4/17/65 
4/3/65 
4/17/65 
*Additional—see Results of soil analyses, after cropping, 
under Results and Discussion. 
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Table 12. (continued) 
Macro-nutrients, Micro-nutrients, 
added mg per pot added mg per pot 
N P K Ca^ Mg gb Fe B Cu Mn Mo Zn CI 
28 1 2 . 4  78 48 9 . 7  4 4 . 9  . 4 0  .18 . 0 2  .17 . 0 1  . 0 4  . 2 2  
28 1 2 . 4  78 48 9 . 7  4 4 . 9  . 4 0  .18 . 0 2  .17 . 0 1  . 0 4  . 2 2  
28 1 2 . 4  78 48 9 . 7  4 4 . 9  . 4 0  .18 . 0 2  .17 . 0 1  . 0 4  . 2 2  
100 2 0 . 0  6 7 . 4  1 . 0 0  . 4 4  . 0 4  . 4 2  . 0 3  .10 . 5 4  
- - 100 - 2 0 . 0  6 7 . 4  1 . 0 0  . 4 4  . 0 4  . 4 2  . 0 3  .10 . 5 4  
- 1 0 . 0  100 6 2 0 . 0  6 7 . 4  1 . 0 0  . 4 4  . 0 4  . 4 2  . 0 3  .10 . 5 4  
- 1 0 . 0  100 6 2 0 . 0  6 7 . 4  1 . 0 0  . 4 4  . 0 4  . 4 2  . 0 3  .10 . 5 4  
100 — 100 143 2 0 . 0  6 7 . 4  1 . 0 0  . 4 4  . 0 4  . 4 2  . 0 3  .10 . 5 4  
100 - 100 143 2 0 . 0  6 7 . 4  1 . 0 0  . 4 4  . 0 4  . 4 2  . 0 3  .10 . 5 4  
100 1 0 . 0  100 149 2 0 . 0  6 7 . 4  1 . 0 0  . 4 4  . 0 4  . 4 2  . 0 3  .10 . 5 4  
100 1 0 . 0  100 149 2 0 . 0  6 7 . 4  1 . 0 0  . 4 4  . 0 4  . 4 2  . 0 3  .10 . 5 4  
2 0 . 0  13 
2 0 0  - 200 2 8 6  4 0 . 0  1 3 4 . 0  2 . 0 0  . 8 8  . 0 9  . 8 3  . 0 6  .19 1 . 0 8  
2 0 0  1 0 . 0  2 0 0  2 9 2  4 0 . 0  1 3 4 . 0  
2 0 0  
-
200 2 8 6  4 0 . 0  1 3 4 . 0  2 . 0 0  . 8 8  . 0 9  . 8 3  . 0 6  .19 1 . 0 8  
2 0 0  2 0 . 0  2 0 0  2 9 8  4 0 . 0  1 3 4 . 0  - - - - - - -
— 2 0 . 0  — 13 — — — — 
50 2 1 . 0  
30 - 84 43 - 3 4 . 0  - - — — - - — 
— 4 0 . 0  50 26 — 2 1 . 0  
30 84 43 3 4 . 0  
^Supplied as a carrier of nitrogen and phosphorus. 
^Small amount of sulfur contained with the micronutrients 
not included. 
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Table 13. Soil analyses for 26 soils used in the investiga­
tion, average values given 
Soil 
Anaerobic Initial test Exch. Organic Total 
NH3-N NO3-N P K C N Clay Sand 
Soil pH pp2m pp2m pp2m pp2m % % % % 
1 6 . 6  6 0 . 2  8 0 . 0  4 5 . 0  155 2 . 7 1  . 2 5 4  2 4 . 8  2 1 . 6  
2 6 . 7  4 0 . 2  2 3 . 1  2 1 . 0  89 2 . 4 7  . 2 2 5  2 6 . 5  1 9 . 9  
3 5 . 6  5 8 . 0  1 3 . 3  5 8 . 0  138 2 . 7 0  . 2 4 4  2 4 . 9  2 3 . 1  
4 5 . 7  4 1 . 6  1 6 . 7  1 4 . 0  2 0 2  2 . 5 0  . 2 2 8  2 5 . 4  2 3 . 8  
8 6 . 1  6 9 . 0  6 1 . 0  6 8 . 0  161 2 . 7 9  . 2 5 7  2 6 . 7  2 6 . 0  
9 5 . 9  5 3 . 0  2 0 . 6  2 9 . 0  149 2 . 9 1  . 2 6 6  2 5 . 6  2 6 . 6  
10 6 . 2  5 4 . 0  2 2 . 0  2 0 . 0  175 3 . 2 1  . 2 9 0  3 7 . 7  2 . 7  
11 6 . 1  3 4 . 8  3 5 . 3  1 0 . 0  198 2 . 9 0  . 2 6 4  3 7 . 8  2 . 7  
12 6 . 0  4 0 . 2  2 2 . 8  9 . 5  188 3 . 0 3  . 2 8 0  3 7 . 4  2 . 7  
13GP 6 . 3  3 8 . 8  11.2 2 1 . 0  2 3 2  2 . 8 1  . 2 5 4  3 7 . 1  3 . 2  
13M 6 . 7  3 3 . 5  1 0 . 9  2 4 . 0  261 2 . 0 2  .196 3 2 . 7  3 . 6  
14 6 . 8  4 0 . 2  2 4 . 0  11.0 2 7 4  2 . 0 6  . 2 0 6  3 0 . 1  3 . 4  
15 5 . 8  5 3 . 5  1 5 . 3  3 8 . 0  137 1 . 8 6  . 1 7 5  2 5 . 5  1 . 2  
16 5 . 9  9 7 . 0  5 0 . 5  8 9 . 0  3 6 8  2 . 0 2  . 1 8 8  2 5 . 4  1 . 4  
17 5 . 9  9 5 . 9  1 6 . 0  2 2 . 0  123 1 . 5 6  .141 1 8 . 9  4 . 1  
18 6 . 4  9 9 . 0  11.3 2 6 . 0  124 1 . 5 0  . 1 4 0  1 8 . 3  4 . 8  
19 5 . 8  5 5 . 6  2 0 . 4  1 6 . 0  2 5 3  2 . 3 5  . 2 2 3  31.1 3 . 6  
20 6 . 4  7 2 . 5  2 0 . 6  4 2 . 0  2 0 4  2 . 2 1  . 2 0 6  3 3 . 2  4 . 1  
21 5 . 0  3 1 . 2  71.6 1 0 0 . 0  3 6 2  1 . 8 6  .186 3 3 . 2  2 . 7  
22 6 . 4  3 4 . 1  11.1 3 9 . 0  3 6 4  1 . 7 3  .164 3 2 . 9  2 . 6  
23 7 . 9  9 0 . 4  6 . 6  1 6 . 0  313 . 8 9 2  . 0 9 9  1 4 . 1  1 0 . 2  
24 7 . 9  7 6 . 2  4 . 7  5 . 7  3 5 6  . 9 2 1  .109 15.1 9 . 0  
25 6 . 2  3 6 . 2  1 3 . 1  8 4 . 0  152 3 . 0 9  . 2 6 8  2 8 . 2  3 6 . 1  
26 8 . 0  2 5 . 4  1 3 . 6  1 3 . 0  111 2 . 9 7  . 2 6 4  31.6 2 8 . 4  
27 7 . 9  2 6 . 1  1 4 . 3  8 . 7  110 3 . 1 0  . 2 7 2  3 1 . 4  2 7 . 4  
28 7 . 0  3 6 . 7  1 8 . 6  8 . 4  124 3 . 7 4  . 3 2 0  3 3 . 8  2 3 . 2  
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Table 14. Plant analyses by crops, soils, and treatments, 
average values per pot given& 
Dry N uptake P uptake K uptake 
Treat- matter 
Crop Soil ment g % mg % mg % mg 
1 CK 3 . 5 9  2 . 9 1  1 0 4 . 4  .518 1 8 . 6  4 . 2 5  1 5 2 . 7  
P 3 . 5 2  2 . 8 8  101.1 .510 1 8 . 1  4 . 4 6  1 5 6 . 9  
N 3 . 5 0  2.90 101.6 . 5 0 0  1 7 . 5  4 . 2 6  1 4 9 . 2  
NP 3 . 6 5  2 . 7 4  1 0 0 . 0  . 4 9 0  1 7 . 9  4 . 3 0  1 5 7 . 0  
2 CK 3 . 2 0  2 . 1 7  6 9 . 5  . 4 5 9  1 4 . 7  4 . 5 0  1 4 4 . 1  
P 3.11 2 . 2 5  7 0 . 1  . 4 5 3  1 4 . 1  4 . 4 1  1 3 7 . 3  
N 3 . 0 5  2 . 1 9  6 6 . 8  . 4 5 6  1 3 . 9  4 . 3 0  131.1 
NP 3 . 0 5  2 . 2 0  6 7 . 0  . 4 5 9  1 4 . 0  4 . 3 9  1 3 3 . 9  
3 CK 3 . 0 9  2 . 0 6  6 3 . 8  .511 1 5 . 8  4 . 5 5  1 4 0 . 7  
P 3 . 0 4  2 . 0 1  61.1 . 5 0 7  1 5 . 4  4 . 6 2  1 4 0 . 4  
N 3 . 0 3  2 . 0 8  6 3 . 2  . 4 9 0  1 5 . 0  4 . 4 1  1 3 3 . 6  
NP 2 . 9 0  2.17 6 2 . 9  . 5 2 1  1 5 . 1  4 . 3 2  1 2 5 . 2  
4 CK 3 . 0 0  2 . 1 0  6 2 . 9  . 4 4 6  1 3 . 4  4 . 3 9  131.7 
P 2 . 7 2  2 . 2 8  6 2 . 0  . 4 6 7  1 2 . 7  4 . 7 8  1 3 0 . 1  
N 3 . 2 0  1 . 9 2  6 1 . 4  . 4 0 0  1 2 . 9  4 . 4 4  1 4 2 . 0  
NP 3 . 0 2  2 . 1 2  6 3 . 9  . 4 3 0  1 2 . 9  4 . 2 0  1 2 7 . 0  
8 CK 3 . 4 1  2 . 6 0  8 8 . 8  . 5 3 0  1 8 . 2  4 . 6 3  1 5 7 . 9  
P 3 . 6 0  2 . 5 4  9 1 . 3  .510 1 8 . 3  4 . 3 8  1 5 7 . 7  
N 3 . 2 8  2 . 7 2  8 9 . 2  . 5 4 3  1 7 . 8  4 . 8 2  1 5 8 . 0  
NP 3 . 3 4  2 . 6 5  8 8 . 5  . 5 3 9  1 8 . 0  4 . 7 3  1 5 8 . 0  
9 CK 3 . 0 6  2 . 2 2  6 7 . 9  . 4 7 4  1 4 . 5  4 . 6 2  141.5 
P 3 . 0 2  2 . 0 6  6 2 . 2  . 4 7 6  1 4 . 4  4 . 3 4  131.1 
N 3.12 2 . 1 3  6 6 . 5  . 4 5 2  1 4 . 1  4 . 5 1  1 4 0 . 6  
NP 3 . 1 2  2 . 2 0  6 8 . 6  . 4 7 1  1 4 . 7  4 . 2 4  1 3 2 . 4  
10 CK 3.16 2 . 1 8  6 8 . 8  . 4 6 3  1 4 . 6  4 . 5 9  1 4 4 . 9  
P 3 . 0 1  2 . 2 8  6 8 . 5  . 4 7 0  1 4 . 2  4 . 7 7  1 4 3 . 5  
N 2 . 9 6  2 . 3 1  6 8 . 4  . 4 8 4  1 4 . 3  4 . 8 5  1 4 3 . 6  
NP 3 . 2 2  2 . 0 9  6 7 . 3  . 4 8 1  1 5 . 5  4 . 4 4  1 4 2 . 8  
11 CK 3 . 1 6  2 . 2 5  7 1 . 1  . 4 2 1  1 3 . 3  4 . 5 0  1 4 2 . 3  
P 3.11 2 . 3 3  7 2 . 5  . 4 4 0  1 3 . 7  4 . 4 1  1 3 7 . 1  
N 3 . 1 4  2 . 2 7  7 1 . 3  . 4 3 0  1 3 . 5  4 . 3 8  1 3 7 . 7  
NP 3 . 1 7  2 . 2 9  7 2 . 7  . 4 4 8  1 4 . 2  4 . 4 9  1 4 2 . 5  
^Samples from crops 3 and 4 of the Check and P treatment 
were combined for chemical analyses; the data on the composite 
samples are given at the end of the table, however, separate 
dry weight data are included for crops 3 and 4. 
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Table 14. (continued) 
Dry N uptake P uptake K uptake 
Treat- matter 
Crop Soil ment g % mg % mg % mg 
12 CK 2 . 9 2  2 . 1 2  6 1 . 8  . 4 4 2  1 2 . 9  4 . 7 8  1 3 9 . 4  
P 3 . 0 4  2 . 1 3  6 4 . 8  . 4 3 8  1 3 . 3  4 . 5 7  1 3 9 . 2  
N 3 . 1 1  2 . 1 2  6 5 . 8  . 4 3 4  1 3 . 5  4 . 5 5  1 4 1 . 4  
NP 3 . 1 7  2 . 0 4  6 4 . 6  . 4 3 2  1 3 . 7  4 . 4 4  1 4 0 . 7  
13GP CK 2 . 8 8  2 . 0 3  5 8 . 5  . 4 8 9  1 4 . 1  4 . 5 3  1 3 0 . 6  
P 2 . 9 3  1 . 9 8  5 8 . 1  . 4 8  1 4 . 0  4 . 3 7  1 2 8 . 1  
N 2 . 8 0  2 . 0 7  5 7 . 9  . 5 0 0  1 4 . 0  4 . 7 4  1 3 2 . 8  
NP 2 . 9 7  1 . 9 8  5 8 . 7  . 4 9 1  1 4 . 6  4 . 3 8  1 3 0 . 2  
13M CK 2 . 9 1  2 . 0 4  5 9 . 4  . 4 7 8  1 3 . 9  4 . 0 7  118.5 
P 2 . 8 4  2 . 0 2  5 7 . 4  . 4 5 0  1 2 . 8  4 . 2 1  119.6 
N 2 . 7 4  1 . 9 4  5 9 . 5  . 4 2 5  1 3 . 1  3 . 9 5  1 2 1 . 4  
NP 2 . 6 7  2 . 1 9  5 8 . 4  . 4 5 7  1 2 . 2  4 . 2 4  113.1 
14 CK 2 . 9 4  2 . 2 6  6 6 . 2  . 4 7 2  1 3 . 9  4 . 5 2  1 3 2 . 8  
P 2 . 9 1  2.19 6 3 . 8  . 4 5 3  1 3 . 2  4 . 4 2  1 2 8 . 5  
N 3 . 1 6  2 . 2 0  6 9 . 5  . 4 5 6  1 4 . 4  3 . 9 8  1 2 5 . 9  
NP 2 . 9 5  2 . 3 8  7 0 . 3  . 4 8 0  1 4 . 1  4 . 2 9  1 2 6 . 7  
15 CK 2 . 7 4  2 . 0 8  5 7 . 0  . 4 7 7  1 3 . 1  4 . 7 4  1 2 9 . 9  
P 2 . 7 0  2 . 1 3  5 7 . 6  . 4 8 5  1 3 . 1  4 . 8 1  1 2 9 . 8  
N 2 . 8 1  2 . 0 9  5 8 . 8  . 5 0 2  1 4 . 1  4 . 6 5  1 3 0 . 8  
NP 2 . 9 3  2 . 0 3  5 9 . 5  . 4 7 8  1 4 . 0  4 . 6 0  1 3 4 . 7  
16 CK 3 . 5 6  2 . 6 1  9 3 . 0  . 5 9 3  2 1 . 1  4 . 8 0  1 7 0 . 9  
P 3 . 6 3  2 . 5 4  9 2 . 3  . 5 6 0  2 0 . 2  4 . 8 7  1 7 6 . 9  
N 3 . 5 4  2 . 5 7  9 1 . 1  . 5 7 0  2 0 . 2  4 . 5 6  161.5 
NP 3 . 4 0  2 . 6 9  9 1 . 3  . 6 0 3  2 0 . 5  4 . 8 0  1 6 3 . 3  
17 CK 2 . 8 5  2 . 8 8  6 4 . 3  . 4 5 7  1 3 . 0  4 . 6 1  131.3 
P 2 . 9 4  2 . 2 6  6 6 . 5  . 4 5 2  1 3 . 3  4 . 6 1  1 3 5 . 7  
N 3 . 0 0  2 . 2 4  6 7 . 1  . 4 7 0  1 4 . 0  4 . 5 7  1 3 7 . 1  
NP 3 . 1 8  2.11 6 7 . 1  . 4 4 3  1 4 . 1  4 . 1 9  1 3 3 . 1  
18 CK 3 . 1 5  2 . 2 6  7 1 . 2  . 4 9 8  1 5 . 7  4 . 2 2  1 3 2 . 8  
P 3 . 0 1  2 . 3 7  7 1 . 2  . 5 2 8  1 5 . 9  4 . 4 5  1 3 3 . 8  
N 3 . 1 0  2 . 3 2  7 1 . 8  . 5 2 0  1 6 . 0  4 . 2 8  1 3 2 . 7  
NP 2 . 9 8  2 . 3 4  6 9 . 6  . 5 2 7  1 5 . 7  4 . 3 3  1 2 9 . 1  
: 14 
Soi 
19 
20  
21 
22 
23 
24 
25 
26 
151 
(continued) 
Dry N uptake P uptake K uptake 
Treat- matter 
ment g % mg % mg % mg 
CK 3 . 2 3  2 . 1 7  7 0 . 2  . 4 4 5  1 4 . 7  4 . 7 5  1 5 3 . 6  
P 3 . 1 9  2 . 2 0  7 0 . 2  . 4 4 2  1 4 . 1  4 . 7 6  151.7 
N 3 . 0 6  2.19 6 6 . 9  . 4 4 0  1 3 . 5  4 . 4 4  1 3 5 . 9  
NP 3.23 2 . 1 1  6 8 . 3  . 4 3 0  1 3 . 9  4 . 6 5  1 5 0 . 2  
CK 2 . 8 7  2 . 2 0  6 3 . 1  .512 1 4 . 7  4 . 5 0  1 2 9 . 2  
P 2 . 9 4  2 . 0 4  6 0 . 1  .510 1 5 . 0  4 . 4 2  1 2 9 . 9  
N 2 . 8 3  2 . 1 7  6 1 . 5  . 5 3 0  1 4 . 9  4 . 7 2  1 3 3 . 6  
NP 2 . 9 2  2 . 0 7  6 0 . 3  . 5 0 0  1 4 . 6  4 . 3 0  1 2 5 . 4  
CK 3 . 4 0  2 . 5 7  8 7 . 5  . 5 8 5  1 9 . 9  4 . 9 6  1 6 8 . 5  
P 3 . 4 4  2 . 4 6  8 4 . 6  . 5 7 0  1 9 . 6  5 . 0 3  1 7 3 . 2  
N 3 . 6 9  2 . 4 8  9 1 . 4  . 5 5 3  2 0 . 4  5 . 0 3  1 8 5 . 7  
NP 3 . 4 1  2 . 6 6  9 0 . 7  . 5 5 7  1 9 . 0  5 . 0 1  1 7 0 . 9  
CK 2 . 9 5  1 . 5 7  5 8 . 1  . 4 6 1  1 3 . 6  3 . 9 5  116.6 
P 2 . 9 8  2 . 0 1  6 0 . 0  . 4 7 7  1 4 . 2  4 . 0 5  1 2 0 . 7  
N 2 . 7 6  2 . 0 4  5 6 . 4  . 4 8 2  1 3 . 3  4 . 2 6  117.5 
NP 2 . 6 3  2 . 0 4  5 3 . 6  . 4 7 1  1 2 . 4  4 . 5 0  118.3 
CK 2 . 7 4  2 . 1 2  5 8 . 0  . 4 8 2  1 3 . 2  4 . 8 6  1 3 3 . 3  
P 2 . 8 6  2 . 0 2  5 7 . 9  . 4 5 4  1 3 . 0  4 . 7 2  1 3 4 . 9  
N 2 . 7 8  2 . 0 2  5 6 . 1  . 4 6 4  1 2 . 9  4 . 8 6  1 3 5 . 1  
NP 2 . 8 4  2 . 0 9  5 9 . 3  . 4 7 6  1 3 . 5  4 . 7 7  1 3 5 . 4  
CK 2 . 6 9  2 . 2 1  5 9 . 5  . 4 9 0  1 3 . 3  5 . 0 9  1 3 6 . 9  
P 2 . 7 8  2 . 0 7  5 7 . 5  . 4 5 7  1 2 . 7  4 . 6 6  1 2 9 . 6  
N 2 . 5 7  2 . 2 0  5 6 . 6  . 4 5 3  11.6 4 . 6 9  1 2 0 . 6  
NP 3 . 1 8  2 . 0 0  6 3 . 6  . 4 5 9  1 4 . 6  4 . 6 6  1 4 8 . 3  
CK 2 . 9 3  2 . 2 0  6 4 . 5  . 5 8 0  1 7 . 0  4 . 7 2  1 3 8 . 4  
P 2 . 9 5  2 . 1 5  6 3 . 6  . 5 6 3  1 6 . 6  4 . 8 0  141.7 
N 3 . 0 9  2 . 0 6  6 3 . 5  . 5 4 7  1 6 . 9  4 . 4 0  1 4 4 . 9  
NP 3.22 2 . 0 8  6 7 . 1  . 5 4 0  1 7 . 4  4 . 6 5  1 4 9 . 6  
CK 3 . 2 2  1 . 9 1  6 1 . 5  .410 1 3 . 2  4 . 2 1  1 3 5 . 6  
P 3 . 1 3  1 . 9 4  6 0 . 7  . 4 2 2  1 3 . 2  4 . 5 2  141.6 
N 3 . 1 6  2 . 0 0  6 3 . 3  . 4 3 7  1 3 . 8  4 . 3 2  1 3 6 . 4  
NP 3 . 2 8  1 . 9 6  6 4 . 2  . 4 2 4  1 3 . 9  4 . 1 9  1 3 7 . 3  
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Table 14. (continued) 
Dry N uptake P uptake K uptake 
Treat- matter 
Crop Soil ment g % mg % mg % mg 
!7 CK 3 . 0 9  2 . 0 2  6 2 . 4  . 4 2 7  1 3 . 2  4 . 0 2  1 2 4 . 1  
P 2 . 7 3  2 . 0 6  5 6 . 2  . 4 5 4  1 2 . 4  4 . 1 9  114.4 
N 3 . 1 8  1 . 9 4  6 1 . 6  . 4 1 8  1 3 . 3  4 . 1 2  131.1 
NP 3 . 1 4  2 . 1 0  6 6 . 1  . 4 2 7  1 3 . 4  4 . 0 3  1 2 6 . 6  
:8 CK 3 . 4 2  2 . 0 7  7 0 . 9  . 4 3 9  1 5 . 0  4 . 5 4  1 5 5 . 1  
P 3 . 1 7  2 . 1 5  6 8 . 2  . 4 3 8  1 3 . 9  4 . 5 8  1 4 5 . 1  
N 3 . 3 6  2 . 1 3  7 1 . 4  . 4 5 0  1 5 . 1  4 . 5 7  1 5 3 . 5  
NP 2 . 9 5  2 . 2 ?  6 5 . 8  . 4 4 0  1 3 . 0  4 . 6 6  1 3 7 . 4  
1 CK 2 . 8 4  . 9 2  2 6 . 1  . 3 3 0  9 . 4  2 . 4 4  6 9 . 3  
P 2 . 8 4  . 9 4  2 6 . 7  . 3 9 5  1 0 . 1  2 . 4 3  6 8 . 9  
N 4 . 0 2  4 . 3 0  1 7 2 . 8  . 3 1 8  1 2 . 8  5 . 1 1  2 0 5 . 4  
NP 4 . 2 0  4 . 0 9  171.8 . 3 3 9  1 4 . 2  4 . 5 8  1 9 2 . 4  
2 CK 1 . 9 2  1 . 0 0  1 9 . 2  . 3 2 1  6 . 2  2 . 3 8  4 5 . 8  
P 1 . 8 2  . 9 6  1 7 . 4  . 3 3 4  6 . 1  2 . 3 9  4 3 . 5  
N 3 . 7 9  4 . 1 7  1 5 8 . 2  . 2 7 7  1 0 . 5  4 . 8 9  1 8 5 . 4  
NP 3 . 8 0  4 . 0 3  1 5 3 . 3  . 3 1 3  11.9 4 . 5 5  1 7 3 . 0  
3 CK 1 . 5 1  . 9 9  1 5 . 0  . 5 5 7  8 . 4  2 . 9 8  4 5 . 1  
P 1 . 4 6  1 . 0 2  1 4 . 9  . 5 5 9  8 . 2  2 . 8 3  4 1 . 3  
N 3 . 4 3  4 . 5 0  1 5 4 . 4  . 4 2 3  1 4 . 5  4 . 9 7  1 7 0 . 6  
NP 3 . 6 4  4 . 4 0  1 6 0 . 2  . 4 3 7  1 5 . 9  5 . 2 7  191.9 
4 CK 1 . 3 0  1 . 0 6  1 3 . 8  . 3 6 1  4 . 7  2 . 7 7  3 6 . 0  
P 1 . 3 3  1 . 0 4  1 3 . 9  . 4 1 0  5 . 4  2 . 7 4  3 6 . 4  
N 3 . 8 0  4 . 1 3  1 5 7 . 0  . 2 4 0  9 . 1  5 . 1 7  1 9 6 . 4  
NP 3 . 5 5  4 . 1 0  1 4 7 . 4  . 2 9 7  1 0 . 6  5 . 1 2  181.9 
8 CK 2 . 1 8  . 9 0  1 9 . 5  . 3 8 8  8 . 5  2 . 7 6  6 0 . 1  
P 2 . 1 5  . 9 2  1 9 . 8  . 4 2 4  9 . 1  2 . 6 0  5 5 . 9  
N 3 . 7 6  4 . 3 4  1 6 3 . 2  . 3 8 8  1 4 . 6  4 . 9 4  1 8 5 . 6  
NP 3 . 6 2  4 . 2 8  1 5 5 . 0  .415 1 5 . 0  4 . 7 6  1 7 2 . 2  
9 CK 1 . 3 3  1 . 0 8  1 4 . 4  . 3 8 2  5 . 1  2 . 7 3  3 6 . 4  
P 1 . 3 8  . 9 8  1 3 . 5  . 3 8 4  5 . 3  2 . 6 0  3 5 . 9  
N 3 . 3 2  4 . 5 0  1 4 9 . 5  . 2 9 2  9 . 7  5 . 2 7  1 7 5 . 1  
N P  3 . 5 9  4 . 2 6  1 5 3 . 0  . 3 2 3  11.6 4 . 6 4  1 6 6 . 6  
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Table 14. (continued) 
Dry N uptake P uptake K uptake 
Treat- matter 
Crop Soil ment g % mg % mg % mg 
10 CK 1 . 4 7  1 . 0 0  1 4 . 7  . 3 6 0  5 . 3  2 . 6 1  3 8 . 4  
P  1 . 5 8  . 9 7  1 5 . 3  . 3 7 0  5 . 8  2 . 5 6  4 0 . 5  
N  3 . 4 /  4 . 4 5  1 5 3 . 1  . 2 9 5  1 0 . 2  5 . 2 3  1 8 0 . 0  
N P  3.51) 4 . 2 3  151.3 . 3 3 2  11.9 5 . 3 5  191.7 
1 1  C K  1 . 4 4  . 9 8  1 4 . 1  . 2 6 0  3 . 8  2 . 6 6  3 8 . 2  
P  1 . 6 0  . 9 8  1 5 . 8  . 2 8 1  4 . 5  2 . 6 8  4 2 . 9  
N  3 . 3 7  4 . 3 8  1 4 7 . 6  . 2 3 2  7 . 8  4 . 8 3  1 6 2 . 6  
N P  3 . 4 1  4 . 4 5  151.9 . 2 9 1  9 . 9  5 . 3 3  181.9 
1 2  C K  1.31 . 8 9  11.6 . 2 5 6  3 . 4  2 . 5 2  3 3 . 1  
P  1 . 4 5  1 . 0 0  1 4 . 5  . 3 5 4  5 . 1  2 . 7 3  3 9 . 5  
N  3 . 5 9  4 . 0 0  . . 4 3 . 6  . 2 3 4  8 . 4  5 . 2 2  1 8 7 . 3  
N P  3 . 8 0  4 . 0 1  1 5 2 . 5  . 2 7 4  1 0 . 4  5 . 0 8  1 9 3 . 0  
13GP C K  1 . 4 7  1 . 0 2  1 5 . 0  . 4 0 2  5 . 9  2 . 7 4  4 0 . 3  
P  1 . 5 2  1 . 0 0  1 5 . 2  .412 6 . 3  2 . 7 3  4 1 . 2  
N  3 . 3 8  4 . 7 0  1 5 8 . 8  . 3 0 8  1 0 . 4  5 . 8 4  1 9 7 . 5  
N P  3 . 5 3  4 . 5 3  1 5 9 . 9  . 3 4 3  1 2 . 1  5 . 5 2  1 9 5 . 2  
13M C K  1 . 0 6  1 . 0 2  1 0 . 8  . 4 2 1  4 . 5  2 . 7 1  2 8 . 7  
P  1 . 0 6  1.14 1 2 . 0  . 4 5 1  4 . 8  2 . 7 6  2 9 . 3  
N  3 . 1 7  4 . 7 4  1 5 0 . 2  . 2 7 3  8 . 7  5 . 5 1  1 7 4 . 8  
N P  3 . 2 9  4 . 6 0  151.5 .319 1 0 . 5  5 . 1 8  1 7 0 . 1  
1 4  C K  1 . 2 7  1.14 1 4 . 4  . 3 3 7  4 . 3  2 . 7 6  3 5 . 0  
P  1 . 3 0  1 . 2 2  1 5 . 8  . 3 9 1  5 . 1  2 . 7 6  3 5 . 9  
N  3.11 4 . 8 0  1 4 9 . 4  . 2 2 9  7 . 1  5 . 3 9  1 6 7 . 6  
N P  3 . 0 4  4 . 6 5  1 4 1 . 2  . 3 0 6  9 . 3  5 . 3 5  1 6 2 . 7  
1 5  C K  1 . 2 6  1 . 0 5  1 3 . 2  . 4 6 0  5 . 8  2 . 6 7  3 3 . 7  
P  1 . 2 5  1 . 0 8  1 3 . 5  . 5 5 2  6 . 9  2 . 7 9  3 4 . 8  
N  3 . 3 6  4 . 5 0  151.1 . 3 2 7  11.0 5 . 0 5  1 6 9 . 6  
N P  3 . 3 3  4 . 5 8  1 5 2 . 6  . 3 7 8  1 2 . 6  4 . 9 8  1 6 6 . 0  
1 6  C K  2 . 2 6  1 . 0 1  2 2 . 8  . 5 1 5  11.7 3 . 0 5  6 8 . 9  
P  2 . 2 9  1 . 0 8  2 4 . 7  . 5 7 4  1 3 . 1  3 . 1 3  7 1 . 8  
N  4 . 0 6  4 . 1 2  1 6 7 . 1  . 4 0 4  1 6 . 4  5 . 2 0  211.3 
N P  3 . 9 2  4 . 1 0  1 6 0 . 7  . 4 1 8  1 6 . 4  5 . 3 7  2 1 0 . 6  
Table 14. (continued) 
Dry N uptake P uptake K uptake 
Treat- matter 
Crop Soil ment g % mg % mg % mg 
1 7  C K  1 . 7 4  1.16 2 0 . 1  . 3 5 1  6 . 1  2 . 8 5  4 9 . 7  
P  1 . 8 3  1.15 2 1 . 0  . 3 9 0  7 . 1  2 . 7 2  4 9 . 8  
N  3 . 0 1  4 . 7 2  1 4 2 . 2  . 2 5 3  7 . 6  5 . 3 7  161.7 
N P  3 . 2 8  4 . 8 5  1 5 9 . 1  . 3 3 0  1 0 . 8  5 . 1 8  1 6 9 . 9  
1 8  C K  1 . 9 9  1 . 0 6  2 1 . 0  . 3 5 3  7 . 0  2 . 6 5  5 2 . 7  
P  2 . 0 6  1 . 0 1  2 0 . 8  . 3 9 9  8 . 2  2 . 6 6  5 4 . 8  
N  3 . 6 8  4 . 5 5  1 6 7 . 4  . 3 2 6  1 2 . 0  5 . 4 3  1 9 9 . 9  
N P  3 . 5 4  4 . 7 1  1 6 6 . 9  . 3 9 1  1 3 . 8  5 . 4 4  1 9 2 . 5  
1 9  C K  1 . 4 3  . 9 5  1 3 . 6  . 3 2 9  4 . 7  2 . 7 1  3 8 . 8  
P  1 . 4 5  1 . 0 4  1 5 . 1  .410 6 . 0  2 . 8 4  4 1 . 2  
N  3 . 4 3  4 . 5 3  1 5 5 . 5  . 2 8 6  9 . 8  5 . 9 2  2 0 2 . 9  
N P  3 . 7 2  4 . 0 9  1 5 2 . 1  .317 11.8 4 . 8 8  181.6 
2 0  C K  1 . 8 3  1 . 0 3  1 8 . 8  . 3 9 0  7 . 1  2 . 6 7  4 8 . 9  
P  1 . 7 7  1 . 0 4  1 8 . 4  . 4 4 1  7 . 8  2 . 7 1  4 7 . 9  
N  3 . 7 7  4 . 2 8  161.2 . 3 7 0  1 3 . 9  5 . 6 7  2 1 3 . 9  
N P  3 . 7 3  4 . 2 1  1 5 7 . 2  . 3 9 1  1 4 . 6  5 . 5 0  2 0 5 . 0  
2 1  C K  2 . 6 0  . 9 4  2 4 . 3  . 3 2 3  8 . 4  2 . 6 4  6 8 . 7  
P  2 . 6 4  . 8 6  2 2 . 6  . 3 1 4  8 . 3  2 . 5 5  6 7 . 3  
N  4 . 4 2  3 . 8 6  1 7 0 . 4  . 4 0 5  1 7 . 9  5 . 5 9  2 4 6 . 9  
N P  4 . 0 3  4 . 0 3  1 6 2 . 4  . 4 4 4  1 7 . 9  5 . 7 4  2 3 1 . 4  
2 2  C K  1 . 2 5  1 . 0 0  1 2 . 4  .314 3 . 9  2 . 5 1  3 1 . 4  
P  1 . 3 7  . 9 9  1 3 . 6  . 2 9 9  4 . 1  2 . 4 5  3 3 . 6  
N  3 . 1 9  4 . 6 1  1 4 7 . 1  . 3 6 2  11.5 5 . 6 2  1 7 9 . 3  
N P  3 . 2 3  4 . 6 0  1 4 8 . 7  . 3 9 8  1 2 . 9  5 . 5 1  1 7 8 . 0  
2 3  C K  2 . 3 2  1 . 0 1  2 3 . 4  . 2 5 6  5 . 9  2 . 6 2  6 0 . 8  
P  2 . 2 8  . 9 0  2 0 . 6  . 2 4 9  5 . 7  2 . 4 8  5 6 . 6  
N  3 . 9 2  4 . 3 0  1 6 8 . 7  . 2 7 3  1 0 . 7  5 . 5 8  2 1 8 . 6  
N P  3 . 8 3  4 . 1 6  1 5 9 . 2  . 2 9 8  11.4 5 . 5 8  2 1 3 . 8  
2 4  C K  2 . 3 6  . 8 3  1 9 . 7  . 1 8 3  4 . 3  2 . 5 3  5 9 . 8  
P  2 . 4 5  . 9 0  2 2 . 0  . 2 0 5  5 . 0  2 . 5 6  6 2 . 7  
N  3 . 7 5  4 . 0 3  151.3 . 2 2 6  8 . 5  5.16 1 9 3 . 6  
N P  4 . 0 2  3 . 8 9  1 5 6 . 4  . 2 5 5  1 0 . 3  5 . 3 0  2 1 2 . 9  
:  1 4  
Soi 
2 5  
26 
2 7  
28 
1 
2 
3  
4  
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(continued) 
Dry N uptake P uptake K uptake 
Treat- matter 
ment g % mg % mg % mg 
C K  1 . 6 5  . 8 8  1 4 . 6  . 3 4 9  5 . 8  2 . 4 2  4 0 . 0  
P  1 . 5 6  . 9 5  1 4 . 8  . 4 0 3  6 . 3  2 . 5 9  4 0 . 4  
N  3 . 7 9  4 . 1 2  1 5 6 . 1  . 4 3 0  1 6 . 3  4 . 7 7  1 8 0 . 9  
N P  3 . 7 2  4 . 0 9  1 5 2 . 0  . 4 7 6  1 7 . 7  5 . 0 9  1 8 9 . 2  
C K  1 . 3 4  . 9 3  1 2 . 4  . 2 5 2  3 . 4  2 . 2 7  3 0 . 4  
P  1 . 4 2  . 9 4  1 3 . 4  . 2 9 4  4 . 2  2 . 3 4  3 3 . 3  
N  3 . 4 0  4 . 2 4  1 4 4 . 1  . 2 3 5  8 . 0  5 . 4 0  1 8 3 . 7  
N P  3 . 3 9  4 . 2 3  1 4 3 . 4  . 2 7 8  9 . 4  4 . 4 6  151.1 
C K  1 . 5 6  . 8 6  1 3 . 3  . 2 2 2  3 . 5  2 . 3 0  3 5 . 9  
P  1 . 3 6  . 9 3  1 2 . 7  . 2 4 6  3 . 4  2 . 2 7  3 0 . 9  
N  3 . 4 7  4 . 5 0  1 5 6 . 2  . 2 4 0  8 . 3  5 . 2 7  1 8 3 . 0  
N P  3 . 4 5  4 . 3 3  1 4 9 . 3  . 2 6 6  9 . 2  5 . 2 1  1 7 9 . 8  
C K  1 . 6 0  . 9 0  1 4 . 4  . 2 2 2  3 . 6  2 4 . 2  3 8 . 8  
P  1 . 6 6  . 8 8  1 4 . 6  . 2 2 4  3 . 7  2 . 4 3  4 0 . 3  
N  3 . 2 3  4 . 5 1  1 4 5 . 7  . 2 4 7  8 . 0  5 . 3 6  1 7 3 . 0  
N P  3 . 4 5  4 . 4 1  1 5 2 . 3  .310 1 0 . 7  5 . 1 9  1 7 9 . 1  
C K  .713 
P  .717 
N  8 . 6 7  2 . 0 1  1 7 4 . 6  1 . 5 5  1 3 . 4  3 . 0 7  2 6 6 . 6  
N P  9 . 2 9  1 . 9 0  1 7 6 . 3  .180 1 6 . 7  2 . 7 4  2 5 4 . 1  
C K  . 4 9 8  
P  .515 
N  7 . 3 6  2.17 1 6 0 . 0  . 0 9 8  7 . 2  2 . 8 9  2 1 2 . 4  
N P  7 . 7 2  2 . 0 5  1 5 8 . 6  .128 9 . 9  2 . 7 5  2 1 2 . 6  
C K  . 5 7 0  
P  . 5 3 3  
N  8 . 1 1  2 . 0 8  1 6 8 . 6  . 1 8 3  1 4 . 9  3 . 5 7  2 8 9 . 9  
N P  8 . 7 5  1 . 8 5  1 6 2 . 3  . 2 0 2  1 7 . 7  3 . 1 8  2 7 8 . 1  
C K  . 5 9 0  
P  . 6 2 7  
N  5 . 2 6  2 . 7 0  141.9 . 0 7 8  4 . 1  3 . 9 8  2 0 9 . 7  
N P  7 . 0 9  2 . 1 6  1 5 3 . 3  .107 7 . 6  3 . 5 4  2 5 0 . 7  
Table 14. (continued) 
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Dry N uptake P uptake K uptake 
Treat- matter 
Crop Soil ment g % mg % mg % mg 
10 
11 
12 
13GP 
13M 
14 
C K  
P  
N  
N P  
C K  
P  
N  
N P  
C K  
P  
N  
N P  
C K  
P  
N  
N P  
C K  
P  
N  
N P  
C K  
P  
N  
N P  
C K  
P  
N  
N P  
C K  
P  
N  
N P  
. 6 3 5  
. 6 5 3  
7 . 3 8  
7 . 4 6  
. 5 3 7  
. 4 6 3  
6 . 1 7  
6 . 9 7  
. 3 5 7  
. 3 9 2  
5 . 7 8  
7 . 6 5  
. 4 5 5  
. 4 0 2  
4 . 9 8  
7 . 2 6  
. 3 9 3  
. 4 5 2  
4 . 6 3  
7 . 4 8  
. 4 6 7  
. 4 5 8  
6 . 9 7  
7 . 9 4  
. 3 6 5  
. 3 6 5  
6 . 3 0  
7 . 6 8  
. 3 4 7  
. 3 9 8  
3 . 6 4  
5 . 2 0  
2 . 0 4  
2 . 0 6  
2 . 2 8  
2 . 2 3  
2 . 6 3  
1 . 9 9  
2 . 9 1  
2 .26  
3 . 0 7  
2 . 0 0  
2 . 4 4  
2.10 
2 . 4 8  
1 . 9 9  
3 . 4 4  
3 . 0 0  
1 5 0 . 4  
1 5 3 . 3  
1 4 0 . 7  
1 5 5 . 8  
151.9 
1 5 2 . 4  
1 4 5 . 1  
1 6 4 . 2  
1 4 2 . 5  
1 4 9 . 7  
1 7 0 . 2  
1 6 7 . 0  
1 5 6 . 3  
1 5 2 . 5  
1 2 5 . 3  
1 5 6 . 2  
.179 13.3 3.13 231.0 
. 2 2 1  1 6 . 5  3 . 1 3  2 3 3 . 6  
.128 
. 1 3 9  
. 0 7 8  
. 1 0 5  
0 7 5  
111 
108 
146 
106 
130 
. 0 9 0  
.112 
7 . 9  
9 . 7  
3 . 5 2  
3 . 3 1  
6 . 7  
10.0 
4 . 0 0  
3 . 6 9  
2 1 7 . 4  
2 3 0 . 7  
. 1 0 5  6 . 1  3 . 8 8  2 2 4 . 4  
. 1 4 9  1 1 . 4  3 . 3 7  2 5 7 . 6  
3 . 9  3 . 9 4  1 9 6 . 1  
7 . 7  3 . 6 6  2 6 5 . 4  
3 . 5  3 . 6 3  1 6 8 . 2  
8 . 4  3 . 2 2  2 4 0 . 7  
7 . 6  4 . 1 2  2 8 6 . 9  
1 1 . 6  3 . 7 9  3 0 1 . 0  
2 5 2 . 1  
2 8 3 . 4  
3 . 2  5 . 0 1  1 8 2 . 3  
5 . 8  4 . 1 9  2 1 7 . 7  
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Table 14. (continued) 
Dry N uptake P uptake K uptake 
Treat- matter 
Crop Soil ment g % mg % mg % mg 
1 5  C K  . 4 9 2  
P  . 5 2 3  
N  6 . 8 4 0  2 . 1 2  1 4 5 . 3  . 1 0 3  7 . 1  3 . 2 9  2 2 4 . 7  
N P  7 . 0 8 0  2 . 1 2  1 5 0 . 2  . 1 4 8  1 0 . 5  3 . 2 9  2 3 2 . 7  
1 6  C K  . 8 9 5  
P  . 8 7 7  
N  8 . 7 2 0  1 . 8 7  1 6 3 . 1  . 2 3 2  2 0 . 2  3 . 7 0  3 2 3 . 1  
N P  9 . 2 2 0  1 . 7 5  161.3 . 2 4 5  2 2 . 6  3 . 5 8  3 3 0 . 1  
1 7  C K  . 6 9 3  
P  . 6 6 8  
N  5 . 9 3 0  2 . 5 6  151.7 . 0 8 3  4 . 9  3 . 4 9  2 0 6 . 8  
N P  7 . 6 0 0  2 . 0 4  1 5 5 . 2  .131 9 . 9  3 . 0 7  2 3 3 . 4  
1 8  C K  . 6 5 7  
P  . 7 0 8  
N  7 . 4 0 0  2 . 2 4  1 6 5 . 6  . 1 2 6  9 . 3  3 . 5 3  2 6 1 . 2  
N P  7 . 6 2 0  2 . 2 2  1 6 9 . 2  . 1 6 5  1 2 . 6  3 . 4 7  2 6 4 . 3  
1 9  C K  . 4 8 7  
P  . 6 0 5  
N  6 . 0 3 0  2 . 6 3  1 5 8 . 6  . 0 8 2  4 . 9  4 . 1 0  2 8 0 . 5  
N P  8 . 2 3 0  2 . 0 1  1 6 5 . 5  .113 9 . 3  3 . 4 0  2 7 9 . 8  
2 0  C K  . 5 3 0  
P  . 5 0 5  
N  8 . 7 8 0  1 . 9 4  1 7 0 . 6  .146 1 2 . 8  3 . 8 2  3 3 5 . 4  
N P  9 . 4 7 0  1 . 8 0  1 7 0 . 6  .180 1 7 . 1  3 . 6 0  3 4 1 . 0  
2 1  C K  . 5 9 3  
P  . 5 2 3  
N  9 . 9 1 0  1 . 8 1  1 7 9 . 6  . 2 2 3  2 2 . 1  4 . 1 2  4 0 8 . 0  
N P  9 . 6 3 0  1 . 8 9  1 8 2 . 4  . 2 4 8  2 3 . 9  4 . 2 3  4 0 7 . 4  
2 2  C K  . 3 4 2  
P  . 4 0 2  
N  7 . 8 3 0  2 . 1 5  1 6 8 . 7  .136 1 0 . 7  4 . 3 0  3 3 7 . 1  
N P  7 . 9 2 0  2 . 1 9  1 7 3 . 2  .165 1 3 . 1  4 . 6 5  3 6 8 . 5  
Table 14. (continued) 
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Dry N uptake P uptake K uptake 
Treat- matter 
Crop Soil ment g % mg % mg % mg 
2 3  C K  . 6 8 5  
P  . 6 3 0  
N  8 . 0 9 0  2 . 0 1  1 6 2 . 8  . 0 9 0  7 . 2  4 . 2 0  
N P  8 . 6 0 0  2 . 0 0  1 7 2 . 3  .115 9 . 9  4 . 1 2  
2 4  C K  . 5 8 7  
P  . 6 0 5  
N  5 . 1 5 0  2 . 7 6  1 4 2 . 1  . 0 7 5  3 . 8  4 . 2 2  
N P  8 . 4 2 0  2 . 0 3  1 7 0 . 7  . 0 9 8  8 . 3  3 . 7 7  
2 5  C K  . 3 6 0  
P  . 3 8 2  
N  9 . 5 9 0  1 . 7 5  1 6 7 . 9  . 2 3 4  2 2 . 4  
N P  9 . 1 6 0  1 . 9 0  1 7 3 . 6  . 2 9 8  2 7 . 3  
2 6  C K  . 4 9 7  
P  5 . 9 0 0  
N  . 5 1 3  2 . 5 4  1 5 0 . 0  . 0 6 7  3 . 9  3 . 1 9  
N P  7 . 6 9 0  2 . 1 7  1 6 7 . 0  . 0 9 1  7 . 0  3 . 7 0  
2 7  C K  . 4 8 5  
P  . 4 7 8  
N  5 . 2 8 0  2 . 7 1  1 4 3 . 0  . 0 6 3  3 . 4  3 . 6 4  
N P  7 . 5 1 0  2 . 2 0  1 6 5 . 3  . 0 8 5  6 . 4  3 . 1 8  
2 8  C K  . 4 3 0  
P  . 4 3 2  
N  4 . 6 5 0  2 . 8 2  131.3 . 0 8 0  3 . 7  3 . 5 2  
N P  8 . 0 8 0  2 . 1 4  1 7 3 . 3  .115 9 . 3  2 . 9 9  
1  C K  . 4 9 0  
P  . 5 6 2  
N  8 . 3 3 0  1 . 9 9  1 6 6 . 1  . 1 5 4  1 2 . 8  2 . 2 1  
N P  8 . 5 2 0  1 . 8 6  1 5 8 . 3  . 2 4 2  2 0 . 6  2 . 1 1  
2  C K  . 3 8 5  
P  . 3 8 0  
N  5 . 2 3 0  2 . 7 1  141.9 .113 5 . 9  2 . 9 3  
N P  7 . 5 6 0  2 . 0 6  1 5 5 . 4  . 2 2 5  1 7 . 0  2 . 3 8  
3 4 0 . 1  
3 5 3 . 9  
2 1 7 . 3  
3 1 7 . 7  
3 0 6 . 2  
3 3 9 . 3  
2 1 4 . 9  
2 4 4 . 8  
1 8 5 . 6  
2 2 4 . 3  
1 8 4 . 1  
1 7 9 . 4  
1 5 3 . 5  
180.0 
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Table 14. (continued) 
Dry N uptake P uptake K uptake 
Treat- matter 
Crop Soil ment g % mg % mg % mg 
3  C K  . 5 6 5  
P  . 5 7 7  
N  6 . 5 8 0  2 . 2 3  1 4 6 . 5  .184 1 2 . 2  2 . 4 5  1 8 4 . 1  
N P  6 . 9 4 0  1 . 9 9  1 3 8 . 1  . 2 5 4  1 7 . 6  2 . 2 5  1 7 9 . 4  
4  C K  . 5 2 2  
P  . 5 3 0  
N  1 . 9 4 0  4 . 1 1  7 9 . 8  . 0 9 5  1 . 8  4 . 1 7  1 5 3 . 5  
N P  6 . 0 0 0  2 . 3 1  1 3 8 . 8  . 2 1 8  1 3 . 1  3 . 0 7  1 8 0 . 0  
8  C K  . 6 0 8  
P  . 5 4 8  
N  6 . 9 8 0  2 . 1 7  151.4 . 2 2 2  1 5 . 5  2 . 7 4  161.0 
N P  6 . 5 5 0  2 . 0 9  1 3 6 . 8  . 2 6 7  1 7 . 5  2 . 5 6  1 5 6 . 0  
9  C K  . 5 5 7  
P  . 4 6 5  
N  4 . 9 5 0  2 . 8 0  1 3 8 . 5  .126 6 . 3  3 . 3 9  8 0 . 8  
N P  6 . 3 6 0  2 . 3 9  151.8 . 2 4 4  1 5 . 5  2 . 7 0  1 8 4 . 4  
1 0  C K  . 3 6 8  
P  . 3 4 5  
N  3 . 5 3 0  3 . 6 6  1 2 9 . 3  .129 4 . 6  4 . 4 0  191.1 
N P  6 . 5 2 0  2 . 2 2  1 4 4 . 9  . 2 3 0  1 5 . 0  2 . 9 3  1 6 7 . 8  
1 1  C K  . 3 4 0  
P  . 3 2 7  
N  1 . 9 3 0  3 . 9 1  7 5 . 5  . 0 8 9  1 . 7  4 . 2 0  1 6 7 . 6  
N P  6 . 4 8 0  2 . 3 7  1 5 3 . 4  .198 1 2 . 8  2 . 9 2  171.9 
1 2  C K  . 3 5 6  
P  . 3 2 8  
N  1 . 7 0 0  4 . 1 5  7 0 . 5  . 0 8 6  1 . 5  4 . 2 5  1 5 5 . 3  
N P  5 . 6 1 0  2 . 5 4  1 4 2 . 2  . 2 0 7  11.6 2 . 9 7  191.0 
13GP C K  . 3 3 3  
P  . 3 0 2  
N  5 . 5 7 0  2 . 5 2  1 4 0 . 5  .110 6 . 1  3 . 3 0  8 1 . 1  
N P  6 . 9 2 0  2 . 2 0  1 5 2 . 0  . 2 1 7  1 5 . 0  3 . 2 2  1 8 9 . 2  
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Table 14. (continued) 
Dry N uptake P uptake K uptake 
Treat- matter 
Crop Soil ment g % mg % mg % mg 
13M C K  . 2 6 5  
P  .187 
N  5 . 3 4 0  2 . 7 7  1 4 8 . 2  .127 6 . 8  3 . 4 5  
N P  7 . 4 8 0  2 . 1 0  1 5 7 . 0  .190 1 4 . 1  2 . 8 1  
1 4  C K  . 2 3 3  
P  . 3 2 7  
N  1 . 7 7 Ù  5 . 7 1  6 5 . 7  . 0 9 7  1 . 7  4 . 2 9  
N P  5 . 6 1 0  2 . 5 7  1 4 4 . 3  . 2 0 9  11.7 3 . 1 8  
1 5  C K  . 5 2 7  
P  . 5 2 7  
N  4 . 9 6 0  2 . 8 0  1 3 8 . 9  . 1 4 8  7 . 4  3 . 1 1  
N P  6 . 1 0 0  2 . 3 2  1 4 1 . 6  . 2 7 2  1 6 . 6  3 . 0 8  
1 6  C K  . 6 4 5  
P  . 6 2 3  
N  7 . 2 4 0  2 . 1 2  1 5 3 . 4  . 2 2 8  1 6 . 5  2 . 7 0  
N P  7 . 7 5 0  1 . 9 5  151.4 . 2 8 3  2 1 . 9  2 . 6 0  
1 7  C K  . 6 5 2  
P  . 5 8 2  
N  3 . 0 4 0  3 . 9 1  119.0 .111 3 . 4  4 . 8 6  
N P  6 . 3 3 0  2 . 3 0  1 4 5 . 9  . 2 4 0  1 5 . 2  3 . 0 6  
1 8  C K  . 4 5 0  
P  . 4 7 5  
N  5 . 8 0 0  2 . 4 4  141.7 . 1 2 3  7 . 2  2 . 8 4  
N P  6 . 9 3 0  2 . 2 1  1 5 3 . 0  . 2 5 7  1 7 . 8  2 . 4 9  
1 9  C K  .  4 4 8  
P  . 3 5 3  
N  2 . 3 2 0  4 . 0 0  9 2 . 9  . 1 0 5  2 . 4  4 . 7 6  
N P  6 . 5 7 0  2 . 2 0  1 4 4 . 4  . 2 0 5  1 3 . 5  3 . 0 1  
2 0  C K  . 3 2 5  
P  . 3 9 0  
N  7 . 4 8 0  2 . 0 2  151.1 .156 11.7 2 . 8 3  
N P  7 . 3 3 0  2 . 0 0  1 4 6 . 7  . 2 3 9  1 7 . 5  2 . 2 5  
1 8 4 . 3  
2 1 0 . 3  
7 6 . 0  
1 7 8 . 5  
1 5 3 . 7  
1 8 7 . 9  
1 9 5 . 4  
201.6 
1 4 7 . 8  
1 9 3 . 4  
1 6 4 . 5  
1 7 2 . 5  
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Table 14. (continued) 
Dry N uptake P uptake K uptake 
Treat- matter 
Crop Soil ment g % mg % mg % mg 
2 1  C K  . 2 5 5  
P  . 2 9 2  
N  8 . 8 3 0  1 . 7 8  1 5 6 . 8  .178 1 5 . 7  3 . 1 1  2 7 4 . 6  
N P  8 . 8 1 0  1 . 8 0  1 5 8 . 9  . 2 4 2  2 1 . 3  3 . 1 2  2 7 4 . 4  
2 2  C K  .130 
P  .111 
N  7 . 1 9 0  2 . 2 6  1 6 2 . 3  . 1 2 4  8 . 9  3 . 4 0  2 4 4 . 4  
N P  8 . 1 9 0  1 . 9 8  1 6 2 . 3  .213 1 7 . 4  3 . 0 7  2 5 1 . 3  
2 3  C K  . 4 7 0  
P  . 4 5 5  
N  5 . 3 3 0  2 . 7 1  1 4 4 . 2  . 0 8 8  4 . 7  3 . 5 1  1 8 7 . 3  
N P  8 . 1 0 0  2 . 2 0  1 7 8 . 4  .19 3 1 5 . 6  2 . 9 8  2 4 1 . 6  
2 4  C K  . 3 8 2  
P  . 4 0 2  
N  1 . 5 3 0  3 . 7 7  5 7 . 6  . 0 7 6  1 . 2  4 . 1 2  6 3 . 1  
N P  7 . 3 0 0  2 . 1 7  1 5 8 . 1  .175 1 2 . 8  3 . 1 8  2 3 1 . 8  
2 5  C K  . 2 1 3  
P  . 2 3 5  
N  8 . 4 0 0  1 . 9 2  161.2 . 1 9 5  1 6 . 4  2 . 5 0  2 0 9 . 7  
N P  8 . 2 7 0  1 . 8 9  1 5 6 . 7  . 2 6 2  2 1 . 7  2 . 5 2  2 0 8 . 4  
2 6  C K  . 3 0 5  
P  . 3 3 2  
N  1 . 9 7 0  3 . 3 3  6 5 . 7  . 0 7 0  1 . 4  2 . 9 5  5 8 . 2  
N P  6 . 9 3 0  2 . 3 4  1 6 2 . 1  .175 1 2 . 1  2 . 7 3  1 8 9 . 5  
2 7  C K  . 3 1 8  
P  . 3 4 5  
N  1.610 3 . 6 5  5 8 . 7  . 0 7 8  1 . 3  3 . 5 3  5 6 . 8  
N P  6 . 7 5 0  2 . 3 7  1 5 9 . 9  .179 1 2 . 1  2 . 7 4  1 8 5 . 0  
2 8  C K  . 2 9 8  
P  . 2 9 2  
N  1 . 3 6 0  4 . 0 7  5 5 . 3  . 0 7 6  1 . 0  4 . 1 3  5 6 . 2  
N P  7 . 3 6 0  2 . 1 9  1 6 0 . 9  .167 1 2 . 3  2 . 8 1  2 0 6 . 6  
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Table 14. (continued) 
Dry N uptake P uptake K uptake 
Treat- matter 
Crop Soil ment g % mg % rag % mg 
3 & 4  1  C K  1 . 2 0 3  1 . 7 4  2 0 . 9  . 6 9 0  8 . 3  2 . 6 9  3 2 . 4  
com­ P  1 . 2 7 9  1 . 7 8  2 2 . 7  . 8 2 2  1 0 . 5  2 . 7 0  3 4 . 5  
bined 
2  C K  . 8 8 3  1 . 6 5  1 4 . 6  . 5 8 8  5 . 2  2 . 5 6  2 2 . 6  
P  . 8 9 5  1 . 6 4  1 4 . 7  .716 6 . 4  2 . 5 8  2 3 . 1  
3  C K  1.135 1 . 7 3  1 9 . 6  . 5 5 8  6 . 3  2 . 8 0  3 1 . 8  
P  1.110 1 . 7 9  1 9 . 9  . 7 7 6  8 . 6  2 . 8 5  3 1 . 6  
4  C K  1.112 1 . 7 8  1 9 . 8  . 4 2 9  4 . 8  2 . 8 4  3 1 . 6  
P  1.157 1 . 8 1  2 0 . 9  . 5 5 1  6 . 4  2 . 8 9  3 3 . 5  
8  C K  1 . 2 4 3  1 . 9 9  2 4 . 7  . 6 7 5  8 . 4  2 . 9 4  3 6 . 5  
P  1 . 2 0 1  1 . 9 3  2 3 . 2  . 7 0 8  8 . 5  2 . 7 8  3 3 . 3  
9  C K  1 . 0 9 4  1 . 8 5  2 0 . 2  . 5 4 9  6 . 0  2 . 8 4  3 1 . 0  
P  . 9 2 8  1 . 7 9  1 6 . 6  . 6 5 2  6 . 0  2 . 7 5  2 5 . 6  
1 0  C K  . 7 2 5  1 . 8 5  1 3 . 4  . 5 7 9  4 . 2  2 . 7 1  1 9 . 6  
P  . 7 3 7  1 . 7 1  1 2 . 6  .715 5 . 3  2 . 7 3  2 0 . 1  
1 1  C K  . 7 9 5  1 . 8 0  1 4 . 3  . 4 3 5  3 . 5  2 . 6 5  2 1 . 1  
P  . 7 2 9  1 . 7 3  1 2 . 6  . 5 5 4  4 . 0  2 . 6 2  1 9 . 1  
1 2  C K  . 7 4 9  1 . 6 8  1 2 . 6  . 4 3 2  3 . 2  2 . 5 2  1 8 . 9  
P  . 7 8 0  1 . 7 3  1 3 . 5  . 5 7 1  4 . 5  2 . 7 4  2 1 . 4  
13GP C K  . 8 0 0  1 . 7 2  1 3 . 8  . 5 9 6  4 . 8  2 . 7 0  2 1 . 6  
P  . 7 6 0  1 . 7 0  1 2 . 9  . 7 4 7  5 . 7  2 . 7 1  2 0 . 6  
13M C K  . 6 3 0  1 . 5 7  9 . 9  . 4 4 0  2 . 8  2 . 5 5  1 6 . 1  
P  . 5 5 2  1 . 4 9  8 . 2  . 4 9 8  2 . 8  2 . 4 4  1 3 . 5  
1 4  C K  . 5 8 0  2 . 0 3  11.8 . 3 3 4  1 . 9  2 . 6 1  1 5 , 1  
P  . 7 2 5  1 . 9 0  1 3 . 8  . 3 9 6  2 . 9  2 . 7 1  1 9 . 7  
1 5  C K  1.019 1 . 7 6  1 7 . 9  . 5 5 0  5 . 6  2 . 7 1  2 7 . 6  
P  1 . 0 5 0  1 . 8 2  1 9 . 1  . 7 0 5  7 . 4  2 . 7 5  2 8 . 9  
1 6  C K  1 . 5 4 0  1 . 6 5  2 5 . 4  . 7 2 1  11.1 2 . 9 3  4 5 . 1  
P  1 . 5 0 0  1 . 7 3  2 6 . 0  . 8 6 7  1 3 . 0  3 . 0 2  4 5 . 3  
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Table 14. (continued) 
Dry 
Treat- matter 
Crop Soil ment g 
N uptake 
m g  
P uptake K uptake 
r a g  % m g  
3 & 4  
com­
bined 
1 7  C K  1 . 3 4 5  1 . 8 9  2 5 . 4  . 4 7 8  6 . 4  2 . 8 7  3 8 . 7  
P  1 . 2 5 0  1 . 9 2  2 4 . 0  . 6 5 3  8 . 2  2 . 9 4  3 6 . 8  
1 8  C K  1.107 1 . 8 6  2 0 . 6  . 6 6 7  7 . 4  2 . 7 7  3 0 . 7  
P  1.183 1 . 8 0  2 1 . 3  . 7 7 8  9 . 2  2 . 8 0  3 3 . 1  
1 9  C K  . 9 3 5  1 . 8 7  1 7 . 5  . 4 7 5  4 . 4  2 . 7 0  2 5 . 2  
P  . 9 5 8  1 . 9 1  1 8 . 3  . 5 6 0  5 . 4  2 . 8 2  2 7 . 0  
2 0  C K  . 8 5 5  1 . 8 2  1 5 . 6  . 7 4 8  6 . 4  2 . 6 2  2 2 . 4  
P  . 8 9 5  1 . 8 7  1 6 . 7  . 7 9 8  7 . 1  2 . 7 2  2 4 . 4  
2 1  C K  . 8 4 8  1 . 2 8  1 0 . 9  . 4 8 5  4 . 1  2 . 4 8  21.0 
P  . 8 1 5  1 . 5 2  1 2 . 4  . 5 9 1  4 . 8  2 . 7 9  2 2 . 7  
2 2  C K  . 4 7 2  1 . 3 1  6 . 2  . 5 2 5  2 . 5  2 . 4 6  11.6 
P  . 5 1 3  1 . 2 3  6 . 3  . 5 6 5  2 . 9  2 . 3 6  1 2 . 1  
2 3  C K  1.155 1 . 3 9  1 6 . 1  . 3 8 7  4 . 5  2 . 5 7  2 9 . 6  
P  1 . 0 8 5  1 . 3 7  1 4 . 9  . 4 1 3  4 . 5  2 . 4 0  2 6 . 0  
2 4  C K  . 9 6 9  1 . 3 8  1 3 . 4  . 2 8 1  2 . 7  2 . 5 3  2 4 . 5  
P  1 . 0 0 7  1 . 4 6  1 4 . 7  . 3 5 6  3 . 6  2 . 5 6  2 5 . 7  
2 5  C K  . 5 7 3  1 . 3 1  7 . 5  . 7 2 6  4 . 2  2 . 4 0  1 3 . 8  
P  .617 1 . 3 6  8 . 4  . 7 8 1  4 . 8  2 . 4 1  1 4 . 9  
2 6  C K  . 8 0 2  1 . 4 7  11.8 . 3 9 5  3 . 2  2 . 4 4  1 9 . 6  
P  . 8 4 5  1 . 4 1  11.9 . 4 9 7  4 . 2  2 . 2 4  1 8 . 9  
2 7  C K  . 8 0 3  1 . 3 9  11.1 . 3 5 4  2 . 8  2 . 1 9  1 7 . 6  
P  . 8 2 3  1 . 3 9  11.4 . 4 2 9  3 . 5  2 . 2 6  1 8 . 6  
2 8  C K  . 7 2 8  1 . 4 7  1 0 . 7  . 3 5 7  2 . 6  2 . 2 8  1 6 . 6  
P  . 7 2 4  1 . 4 2  1 0 . 3  . 5 1 3  3 . 7  2 . 2 7  1 6 . 4  
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Table 15. Soil analyses after cropping by soils and treat 
ments, average values per pot given 
Anaerobic Soil test Exch 
NH3-N NO3-N P  K  
Soil Treatment pp2m pp2m pp2m pp2m 
1  C K  2 6 . 0  4 . 0  2 4 . 0  169 
P  3 4 . 9  2 . 8  2 7 . 0  184 
N  3 9 . 2  1 . 2  1 2 . 0  8 7  
N P  4 6 . 5  3 . 2  1 6 . 0  9 2  
2  C K  2 5 . 5  3 . 1  9 . 5  197 
P  2 8 . 7  4 . 5  8 . 4  2 3 0  
N  4 0 . 6  2 . 3  4 . 6  100 
N P  4 2 . 2  3 . 3  4 . 7  108 
3  C K  3 1 . 1  3 . 1  3 7 . 0  2 6 1  
P  2 2 . 7  2 . 6  3 8 . 0  2 2 6  
N  5 6 . 2  6 . 0  1 8 . 0  132 
N P  3 5 . 6  4 . 9  2 6 . 0  108 
4  C K  2 2 . 2  4 . 4  6 . 0  2 9 9  
P  2 6 . 3  3 . 8  1 . 0  2 9 7  
N  3 4 . 0  2 4 . 2  3 . 2  2 2 2  
N P  4 1 . 4  4 . 8  2 . 4  130 
8  C K  4 5 . 4  3 . 3  5 2 . 0  2 5 6  
P  3 6 . 3  3 . 8  5 2 . 0  2 5 5  
N  6 2 . 3  3 . 7  2 9 . 0  120 
N P  6 0 . 6  4 . 6  3 8 . 0  126 
9  C K  2 8 . 2  3 . 4  1 7 . 0  2 7 9  
P  3 8 . 6  2 . 8  1 8 . 0  351 
N  4 9 . 4  5 . 4  1 0 . 0  172 
N P  3 4 . 7  5 . 9  9 . 9  148 
1 0  C K  2 8 . 5  3 . 4  9 . 4  2 4 8  
P  2 4 . 4  2 . 3  8 . 4  2 3 2  
N  3 8 . 7  3 . 4  3 . 6  192 
N P  3 4 . 3  2 . 4  5 . 9  195 
1 1  C K  2 9 . 2  2 . 5  3 . 8  2 3 2  
P  3 0 . 0  2 . 5  3 . 2  2 9 3  
N  4 1 . 9  1 5 . 3  1 . 6  178 
N P  3 3 . 2  3 . 4  1 . 8  2 0 2  
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Table 15. (continued) 
Anaerobic Soil test Exch 
NH3-N NO3-N P  K  
Soil Treatment pp2m pp2m pp2m pp2m 
1 2  C K  2 1 . 1  1 . 8  2 . 8  2 5 5  
P  2 3 . 5  2 . 2  3 . 2  2 6 2  
N  2 8 . 6  7 4 . 9  2 . 5  216 
N P  3 9 . 5  2 . 3  3 . 5  186 
13GP C K  2 1 . 6  3 . 1  1 0 . 0  3 4 1  
P  1 9 . 8  1 . 7  1 2 . 0  314 
N  3 2 . 0  4 . 3  4 . 3  177 
N P  2 8 . 0  3 . 3  7 . 0  178 
13M C K  1 8 . 6  1 . 8  1 4 . 0  3 9 0  
P  1 9 . 3  2 . 2  1 4 . 0  4 3 6  
N  3 7 . 6  3 . 4  4 . 8  2 7 2  
N P  2 4 . 8  2 . 3  7 . 4  2 4 9  
1 4  C K  1 8 . 1  7 . 2  7 . 2  4 2 6  
P  1 6 . 5  4 . 5  7 . 9  4 3 0  
N  2 1 . 8  5 6 . 8  4 . 9  3 6 0  
N P  2 6 . 0  3 . 3  5 . 3  4 0 0  
1 5  C K  1 7 . 6  1 . 0  2 4 . 0  2 3 5  
P  2 1 . 0  1 . 8  2 6 . 0  2 2 9  
N  4 0 . 2  2 . 4  1 2 . 0  151 
N P  2 8 . 8  1 . 6  2 4 . 0  104 
1 6  C K  3 5 . 2  2 . 0  6 4 . 0  3 8 4  
P  3 3 . 5  2 . 5  6 3 . 0  3 6 2  
N  5 3 . 6  2 . 8  3 8 . 0  111 
N P  6 1 . 8  2 . 3  5 3 . 0  117 
1 7  C K  4 4 . 5  4 . 8  6 . 8  2 3 4  
P  4 4 . 5  4 . 8  6 . 0  215 
N  3 6 . 2  3 . 8  1 0 . 0  124 
N P  3 4 . 2  3 . 6  6 . 7  102 
1 8  C K  3 9 . 3  4 . 8  1 0 . 0  2 4 2  
P  2 5 . 7  4 . 8  1 4 . 0  2 3 2  
N  5 2 . 3  4 . 1  8 . 7  100 
N P  3 7 . 9  3 . 6  1 2 . 0  148 
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Table 15. (continued) 
Anaerobic Soil test Exch 
NH3-N NO3-N P  K  
Soil Treatment pp2m pp2m pp2m pp2m 
1 9  C K  2 4 . 1  5 . 6  5 . 9  4 4 8  
P  2 8 . 2  5 . 2  6 . 8  4 3 6  
N  4 4 . 2  4 . 1  6 . 8  3 0 0  
N P  3 8 . 4  3 . 3  6 . 5  2 4 0  
2 0  C K  2 9 . 4  5 . 6  2 6 . 0  3 3 8  
P  3 4 . 6  6 . 0  2 2 . 0  3 4 8  
N  3 4 . 8  2 . 4  1 7 . 0  170 
N P  3 4 . 6  3 . 3  2 0 . 0  160 
2 1  C K  2 4 . 4  3 . 9  8 8 . 0  4 9 4  
P  1 9 . 3  3 . 8  8 4 . 0  4 8 8  
N  3 5 . 0  2 . 8  5 0 . 0  3 0 5  
N P  3 0 . 7  2 . 3  6 2 . 0  2 7 2  
2 2  C K  1 5 . 3  4 . 6  2 8 . 0  5 7 2  
P  1 7 . 2  4 . 0  2 8 . 0  6 6 2  
N  2 2 . 0  1 . 6  1 9 . 0  2 7 2  
N P  1 8 . 7  1 . 0  2 3 . 0  2 7 3  
2 3  C K  5 2 . 0  4 . 5  9 . 4  4 2 5  
P  4 3 . 5  3 . 4  6 . 7  412 
N  4 5 . 4  3 . 2  4 . 7  162 
N P  5 2 . 6  2 . 2  4 . 5  130 
2 4  C K  5 4 . 8  4 . 8  2 . 1  4 9 2  
P  3 9 . 3  2 . 8  1 . 6  5 0 2  
N  3 7 . 4  1 0 4 . 2  4 . 4  4 6 0  
N P  4 2 . 1  3 . 6  3 . 3  156 
2 5  C K  1 6 . 5  3 . 5  6 4 . 0  2 4 0  
P  1 6 . 3  3 . 4  6 2 . 0  2 4 8  
N  1 9 . 2  3 . 3  2 8 . 0  101 
N P  1 5 . 4  4 . 3  3 8 . 0  9 9  
2 6  C K  1 4 . 0  2 . 5  8 . 6  160 
P  1 6 . 3  3 . 5  1 . 3  2 0 8  
N  2 2 . 4  8 8 . 5  5 . 9  114 
N P  1 3 . 5  3 . 3  3 . 5  8 1  
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Table 15. (continued) 
Anaerobic Soil test Exch 
NHg-N NO3-N P  K  
Soil Treatment pp2m pp2m pp2m pp2m 
2 7  C K  1 4 . 9  1 . 7  0 . 8  210 
P  11.3 2 . 5  1 . 6  166 
N  2 2 . 1  1 3 4 . 5  2 . 6  117 
N P  1 5 . 6  2 . 0  3 . 0  9 2  
2 8  C K  1 7 . 8  3 . 0  0 . 4  2 0 2  
P  1 9 . 3  2 . 5  0 . 9  210 
N  2 5 . 0  1 5 0 . 8  2 . 1  106 
N P  2 1 . 6  5 . 4  3 . 0  9 8  
